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Summary 
The thesis describes the results obtained in two types 
of investigations: Part-I deals with the compositional studies of 
minor seed oils, and part-II illustrates the results of derivati-
zation of fatty acids. 
Part - I 
In a continuing programme of phytochemical screening of 
the wild oil-bearing species to explore the oil seed potential of 
forest flora, a study of five seed oils from four different fami-
lies was carried out. 
Minor Seed Oils 
Five seed oils have been analyzed by various chromato-
graphic and spectroscopic techniques to determine their fatty acid 
composition. Palmitic (16:0), oleic (18:1) and linoleic (18:2) 
acids were found as major constituents of different species. Oleic 
acid is the major component (59.72><) in one species surveyed: 
Grewia asiatica (Tiliaceae). Linoleic acid has been found in 
appreciable amount (48.33;^ ) in Mucuna capitata (Leguminosae). Seed 
oil of Smilax zeylanica (Liliaceae) is characterized by the 
presence of (68,63><) unsaturated acid, a good characteristic of 
11 
edible oil, Linoleic acid is the major component in two species 
surveyed, Sphenoclea zeylanica {42'/.) and Triumfetta rhomboidea 
(33.18j<). Linolenic (18:3) acid has been found in significant 
amount in most of the species examined here. Seed oil of 
Sphenoclea zeylanica (Campanulaceae) and Triumfetta rhomboidea 
(Tiliaceae) are the species which contain myristic (14:0) acid in 
minor amounts, 
B. Cyanolipid in Seed Oil of Schleichera oleosa (Sapindaceae) 
Schlelchera oleosa seed oil responded to sodium picrate 
and Prussian blue test indicating the presence of cyanolipid. The 
cyanolipid was separated by preparative TLC (25j<) and character-
ized by spectral and chemical analyses as a diester of l-cyano-2-
hydroxymethylprop-2-ene-l-ol, GLC of cyanolipid showed the 
presence of C^q monoene which was separated by silver nitrate 
preparative TLC, 
C, Cyclopropenoid Fatty Acids in Sterculia pallens(Sterculiaceae) 
Sterculia pallens seed oil responded to Halphen test 
indicating the presence of cyclopropenoid fatty"acids, GLC 
analysis of silver nitrate-methanol treated derivatives showed 
the presence of sterculic (6o'97><) and malvalic (3,87'/.) acids. 
; iii 
Part - II 
This part describes the synthetic utility of nitration, 
Nitric acid oxidations of fatty acids, containing olefinic, 
acetylenic, hydroxy olefinic, acetoxy olefinic and keto olefinic 
groups have been carried out. 
A. Nitration of Olefinic Fatty Esters 
Nitration of olefinic ester (1) by fuming nitric acid 
afforded nitroolefins (2,3)- in minor amounts and nitrohydrin (4) 
in major amount, Nitrohydrin on Jones' oxidation yielded nitro-
aldehyde (5). 
Fuming HNO^ 
CH^^CH-R cH3C00H/NaN0. 
(1) 
->HC = CH 
NO2 
(2) 
- R 
H^C = C - R 
NO2 
(3) 
H.C - CH-.R ^ > HC - CH-R 21 I oxidation n | 
OH NO2 0 NO2 
(4) (5) 
R = (CH2)3C00CH3 
IV : 
B. Nitration of Acetylenic Fatty Esters 
Terminal and penultimate acetylenic fatty esters (6,7) 
on similar nitration gave nitroketone derivatives (8,9). 
R - C = C - R' 
(6,7) 
^ 
Fuming HNO3 
CH3C00H/NaN02 
For 6,8: R^H; R'=(CH2)gC00CH3 
For 7,9; R=CH3; R'=(CH2)7-C00CH3 
R - CH - C - R' 
I II 
NO^ 0 
R -
(8) 
CH - C I II NO 0 
- R' 
(9) 
The nitration of internal acetylenic ester (10) with a 
slight excess amount of nitric acid gave diketone (11),nitroketone 
(13) derivatives and a cleaved product (12), 
R»C=C-R' 
(10) 
Fuming HNO^ 
CH^COOHTNaNa 
R = CH3-(CH2)7 
R'= (CH2)7-C00CH3 
R - C - C 
II II 0 0 
(11) 
- R' 
•^HOOC - (CH^)^ 
(12) 
- COOCH, 
R-C -
II 
0 
CH-R' "and/ R-CH - C-R' 
NO2 ' 
(13) 
NO2 0 
: V : 
C, Nitration of Hydroxy Olefinic Fatty Ester 
Nitration of ^-hydroxy olefinic ester (14) by fuming 
HNO^ afforded nitroolefin (15), nitrohydrin (17,18) and a cleaved 
product (16), While y-hydroxy olefinic ester (19) furnished 
nitronitrate (20), nitrohydrin (21), dicarboxylic acid (21), a 
cleaved aldehydic product (23) and y-lactone (24)o 
Fuming HNO^ 
R-CH-CH2-HC=CH-R' cH3C00H/NaN02 
OH 
(14) 
R = CH3-(CH2)5 
R'= (CH2)7-C00CH3 
H 
R-CH-CH2-C ^ C-R' 
ONQ 2 WO2 
(15) 
H00C-(CH2)y-C00CH3 
(16) 
-> R-CB-CH^-CH - CH-R* 
ONO, NO^ OH 
(17) 
R-CH-CH„-CH 
I 2 I ONO^ OH 
(18) 
CH-R' I NO 
; VI ; 
Fuming 
HNO, 
OH ^ 
(19) NaNO, 
R = CH rCcH^). 
R'= (CH2)7-C00CH3 
R-CH — CH-(CH2)2-CH-R' 
ONO^/ NO^/ ONO2 
NO, ONO 
R-CH • 
OH/ 
NO^ 
2 
(20) 
CH-(CH2)2-CH-R' 
NO2/ ONO^ 
OH 
(21) 
H00C-(CH2)2-CH-R' 
ONO, 
(22) 
0 
HC-(CH2)2-CH-R' 
OH 
(23) 
CH2-CH2 
0=C CH-R' 
(24) 
In 22,23: R'=(CH2)7C00H 
D, Nitration of Acetoxy Olefinic Fatty Acids 
Nitration of p-acetoxy olefinic acid (25) gave nitro-
olefin (26), nitrohydrin (27) and a dicarboxylic acid (28) while 
Y-acetoxy acid (29) on similar nitration yielded riitroolefin (30), 
nitronitrate (31) and nitroacetoxy (32) derivatives. 
: viii : 
Fuming HNO^ 
R-CH-CH2-CH=CH-R' cH.COOH/NaNO. 
OAc ^ 
(25) 
R = CHg-CCH^)^ 
R'= (CH2)7-C00H 
H 
R-CH-CH2-C := C-R' 
OAc NO. 
(26) 
R-CH-CH2-CH - CH-R' 
OH OH/ NO2/ 
NO, 
(27) 
^ OH 
4 H00C-(CH2)^-C00H 
(28) 
(29) OAc 
> 
Fuming 
HNO3 
CH3COOH/ 
NaN02 
> 
R = CH^-(CH2)4 
H 
R-C =: C-(CH2)2-CH-R' 
NO, OAc 
(30) 
R~CH — CH-(CH2)2-9H-R' 
ONO./ m j OAc 
NO, 
2 
ONO2 
(31) 
R-CH -
NOV' -OAc/ 
NO2 
CH-(CH2)2-CH-R' 
OAc 
OAc 
(32) 
: viii : 
E, Nitration of Unsaturated Diketo Olefinic Fatty Ester 
Diketo olefinic ester (33) on nitration furnished a 
cleaved (34) and an addition (35) products. 
R-C-.CB=CH-C-R' II II 0 0 
(33) 
Fuming HNO^ 
II CH^COOH/NaNO. 
R = CH3-(CH2)^ 
R'= (CH2)^-C00CH3 
HOOC-C- (CH^) COOCH3 
R~C I  0 
(34) 
CH - CH-R' 
OH/ NO2/ 
NO^ OH 
(35) 
F, Nitrosochlorination of Unsaturated Fatty Acids 
Nitrosochlorination of p-acetoxy acid (36) yielded 
chloronitroso and chlorooximino derivative (37,38). Similar 
addition products (40,41) were obtained in case of y-acetoxy 
acid (39). 
R-CH-CH2-HC=CH-R' 
OAc 
(36) 
R = CH3-(CH2)5 
R'= (CH2)^-C00H 
NOCl 
OC 
(CClJ 
R_CH—CH^-CH — CH-^R' t 2 I I 
OAc NO/Cl Cl/NO 
(37) 
R-CH-CH„-C 
I 2 II OAc 
- CH-R' 
I 
NOH CI 
and/ or 
R-CH-CHo-CH - C-R' 
I 2 I II 
OAc CI NOH 
(38) 
IX 
R-CH=CH-(CH2)2-CH-R' 
OAc 
(39) 
R = CH3-(CH2)4 
R'= (CH2)7-C00H 
> 
NOCl 
OC 
(CCI4) 
-CH — CH-(CH2)2-CH-R' 
NO/Cl Cl/NO OAc 
(40) 
II I 2 2 I 
NOH CI OAc 
and/or 
R-CH - C-(CH2)2-CH-R' 
CI NOH OAc 
(41) 
G, Nitrosochlorination of Unsaturated Diketo Fatty Acid 
Unsaturated diketo acid (42) on nitrosochlorination 
yielded their chloronitroso (43) and chlorooximino (44) deriva-
tives. 
R_C-CH=CH-C-R' 
II II 0 0 
(42) 
R = CH 3-(CH2)5 
R'= (CH2)7-C00H 
NOCl 
oc (CC14) 
R-C 
II 
O 
CH I CH — C - R' 
R-C 
II 
0 
R-C 
II 
O 
NO/Cl Cl/NO 0 
(43) 
C — CH - C - R' 
II I II 
NOH CI 0 
and/or 
CH - C — C - R' I II II CI NOH 0 
(44) 
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INTRODUCTION 
Next to petroleum, two major items of import for India 
are fertilizers and edible oils. The pressure on nonedible oils, 
however has been greatly relieved due to the increasing use of 
nontraditional and minor oils. During the last decade, the 
production and utilization of edible oils and their fatty acids 
have grown both in size and in diversity. There has been a compe-
tition between oleochemicals and petrochemicals in the industrial 
field, 
i 
Oils and fats are found increasingly to be physiologi-
cally significant and chemically interesting. Essential fatty 
acids from oils and fats are structurally important because of 
their physiological properties with respect to membranes. They 
constitute part of certain enzymes with a lipoprotein character, 
ihey also take part in a number of fascinating reactions leading 
to the synthesis of prostaglandin, thromboxanes and prostacyclins. 
Oils and fats play two important roles, one in chemical 
industry;another in human nutrition. Nutritionists have been 
diverting greater attention on the need for protein calories, 
carbohydrates, vitamins and minerals in diet than on edible fats 
and oils. Dietary fat is more important for the developing 
countries as its calorie density is more than twice than that of 
carbohydrates and proteins. 
: 2 : 
In India, v/hich abounds in forest flora, there is a 
wide potential of agrichemicals derived from the minor oilseeds 
rich in specific kind of fatty acids. One of the most exciting 
properties of fatty acid derivative is their insecticidal and 
antimicrobial activity. Lately, a number of oleochemical raw 
materials are used in the production of detergents, protective 
coatings, plastics and food additives, lubricants and inter-
mediates for textile processing, adhesives and polymers. 
Keeping in view the role of fats and fatty acids, the 
present work was undertaken (a) to carry out phytochemical 
screening of minor seeds and (b) to synthesize new fatty deriva-
tives from the easily available fatty acid substrates, for possi-
ble industrial utilization. 
Part -1 
Minor Seed Oil 
Screening 
Chapter 1 
i) Component Fatty Acids of Natural Fats 
The natural fatty acids occur mainly as triglycerides 
and have their origin both in animal and vegetable fats, A large 
number of naturally occurring fatty acids of various chain 
lengths are known. Most of these acids have even number of 
carbon atoms. The most commonly occurring acids have Cj^ g, 
C2Q and 0^2 chain length. The saturated acids are usually 
characterized by having an even number of carbon atoms and are 
found in many vegetable and animal fats. Very few odd chain 
acids have been reported and characterized in vegetable fats. 
Branched chain acids are mostly reported from animal fats, A 
large number of monounsaturated acids of various chain lengths 
are known, mostly with cis-configuration in certain preferred 
positions in the carbon chain. Among these the oleic acid is most 
commonly distributed acid. Polyunsaturated acids have mostly 
double bonds with methylene interrupted pattern. Polyunsaturated 
acids with cis- and trans-conjugated systems are also well known. 
Acetylenic and allenic bonds containing fatty acids were also 
found in several plant species. Beside these the natural fatty 
acids may contain a functional group, other than the unsaturation 
and carboxyl groups. These unusual fatty acids include cyclopro-
pene, cyclopentene, epoxy, hydroxy, keto and furanoid acids. 
These fatty acids have been identified as a minor or major consti-
: 4 : 
tuent of seed oils. Though the occurrence of these acids are 
scattered but some times they are specific to some particular 
1-5 
plant family or genus. A number of reviews on natural fatty 
acids have been published from time to time. 
Isolation and Characterization of Fatty Acids 
The development and advances in the chromatographic and 
spectroscopic methods,have greatly helped in advancing our know-
ledge of lipids, their structures, compositions and functions in 
living organisms. The techniques of value in the analysis of oils 
and their derivatives are chromatographic, spectroscopic and 
chemical methods. The isolation, separation and purification of 
various complex lipids and fatty acids can be achieved oy the use 
of various chromatographic techniques such as thin layer, complex-
ation, column, ion-exchange, gas liquid, liquid column^""^ and 
high-pressure liquid chromatographic (HPLC) techniques. Many-use-
ful spectroscopic techniques like proton nuclear magnetic resonance 
(^H NMR), ^^C nuclear magnetic resonance(^^C NMR)^, ^^N nuclear 
magnetic resonance (^^N NMR), liquid chromatography-mass spectro-
metry (LC-MS)^^ and gas chromatography-mass spectrometry (GC-MS), 
offer many advantages for the structure analysis of unknown fatty 
acids. 
Chemical methods generally involved are: catalytic 
hydrogenation, hydroxylation, oxidative degradation, partial 
hydrogenation and partial oxidation, Uiels-Alder reaction and 
: 5 : 
hydrogen bromide reaction. Recently*Francis^^ has reported the 
alkylthiolation of unsaturated fatty acids to determine the posi-
tion of double bond. 
During the last few years, there has been a steady pro-
gress in the development of new analytical procedures and in the 
improvement in the existing methods such as ion-exchange chromato-
12 graphy for the separation of acidic and natural lipids, high 
13 14 15 perfoimance TLC , vacuum dry column chromatography * for 
speedy separation of mixtures, alumina plate TLC^^ for the sepa-
17 18 ration of unsaturated acids, silver resin chromatography ' , 
19 silver sulphamate as argentation and charring reagent, wide-
20 line and high resolution NMR , fourier transform nuclear magnetic 
I 
resonance (FTNMR) and infrared (IR) etc. 
: 6 : 
ii) Analysis of Minor Seed Oils 
Vegetable oils constitute an important part of human 
diet apart from their various industrial applications. From being 
an oil exporting country in 1966, India today has become seriously 
dependent on edible oil imports. The acute scarcity and rising 
prices of vegetable oils for edible purposes and industrial use 
have stimulated research in the screening of oil-bearing seeds 
from wild plants for finding nontraditional sources of vegetable 
oils. It is now realized that systematic screening of indigenous 
seed oils may discover oils containing either a higher concentra-
tion of one of the common natural fatty acids or less common or 
unknown acid having a structure of scientific interest. 
In an attempt to search for oil-bearing species in a 
broad spectrum of plant kingdom, a programme has been underway at 
5 author's laboratory for several years for the collection of oil-
21 
bearing seeds and their analysis. A wide range of seed oils 
derived mainly from seeds of herbaceous and wild plants have been 
investigated. In continuation of 'Minor Seed Oils Screening' 
programme carried out in our laboratory , a study of five seed 
oils from four different families have been carried out for their 
component acids mainly by chromatographic and spectroscopic 
techniques. The ultraviolet (UV) and IR spectral analyses of seed 
oils showed no conjugation, trans-unsaturation or any other 
unusual functional grouping. Argentation TLC of the methyl esters 
: 7 : 
showed clear spots corresponding to the saturate, monoene, diene 
and triene parallel to those from authentic linseed esters resol-
ved alongside. Reversed-phase TLC of the esters confirmed the 
presence of palmitic (16:0) and stearic (18:0) acids in all the 
esters and also myristic (14:0) in some species. The quantitative 
estimation of fatty acid components on a gas chromatogram was 
obtained by comparing retention times with authentic lipid 
standard (Sigma, USA). The seed and oil characteristics are shown 
in Table-1, along with GLC analysis of the methyl esters of oils. 
Grewia asiatica (item 1, Vern. Dhamani) belongs to 
Tiliaceae family and found through out India. The small acid sour 
fruit, i.e., berries are served on the table during hot weather, 
as the fruit ripen then and their cooling properties are highly 
22 
appreciated . Tiliaceae seed fats are usually rich in oleic and 
linoleic acids. GLC analysis of item 1 indicated a high concent-
ration of oleic acid (59.72><). On the basis of iodine value 
(l.V. 54.11) item 1 may serve as 'nondrying • oil. Palmitic (18.07^<), 
stearic (21,44>^ ) and linoleic (0.76><) were the other fatty acids 
present. 
Mucuna capitata (item 2) is an annual climbing shrub 
of Himalaya, Central India and Chota Nagpur and belongs to 
Leguminosae family, a family of common occurrence. Seed fat of 
item 2 was composed of linoleic (48.33><), oleic {11,61-/.) and 
palmitic {18,66'/.) acids together with fractional percentages of 
stearic and linolenic acids, Linoleic and oleic constituted 66/. 
: 8 : 
of the total component acids. This oil may be placed in 'nondry-
ing' class on the basis of its iodine value (ly. 119.03). 
Smilax zeylanica (item 3, Vern. Vanamadhusnahi) of 
Liliaceae family, is a tree and native of South India. It also 
occurs at higher elevations and on the hills. Roots are given for 
23 
abscesses, swellings and boils . Seeds oil of item 3 is somewhat 
resemble in composition with maize seed oil. Palmitic (25.78><} 
and linolenic (46.27><) are the predominant saturated and unsatura-
ted fatty acids respectively. 
Sphenoclea zeylanica (item 4) belongs to a less familiar 
botanical family Campanulaceae, abundant in swamps and distributed 
through out the warmer regions of India. Seeds are minute, micro-
scopically scabrons. The oil of item 4 revealed that oleic 
(29.10><) and linoleic ( 4 2 . a c i d s are the predominant unsatura-
ted acids. Among the saturated acids, palmitic acid (13.85><) was 
the major acid. The oil may be of value as a 'nondrying' oil. 
Triumfetta rhomboidea (item 5, Vern. Chitke) belongs to 
family Tiiiaceae. It is a very common weed growing wild and is 
found through out tropical, subtropical and South India. Astrin-
gent, mucilaginous and demulcent properties of fruits and leaves 
render them useful for injections for inveterate cases of 
gonorrhoea. The burr-like fruit is believed to promote parturi-
24 
tion • GLC analysis of methyl esters revealed the moderate 
proportions of both linoleic and linolenic (33.18+24.60 = 57,78^) 
: 9 : 
acids like candlenut and rubber seed oils. Total content of 
saturated acids is 23.74><. This oil may be considered a 'drying' 
oil and can be used directly in coating compositions. 
The basic objective of fatty acid analysis is to dis-
cover and define unusual or new oils of promising interest. 
Further species Mucuna capitata, Smilax zeylanica and Triumfetta 
rhomboidea rich in oil and resemble with conventional oils in 
fatty acid composition could be of great strategic importance. 
These species deserve agronomic evaluation for their prospective 
use as alternative sources of vegetable oils. Seed oils of 
Grewia asiatica and Sphenoclea zeylanica contain low oil contents, 
could be used as cattle feed. 
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EXPERIMENTAL PROCEDURES 
Materials and Methods 
i) Sources of Oilseeds 
The seed samples for the present screening study were 
ootained by staff botanists from wild plants, under contract in 
various parts of the country or by purchase from commercial seed 
suppliers. 
ii) Oil Extraction 
Cleaned and dried samples of seeds were usually ground 
in a disintegrator. The powdered seeds extracted repeatedly with 
light petroleum ether (40-60C) in a soxhlet apparatus. The extrac-
ted oil was dried over anhydrous sodium sulphate. The solvent was 
removed under vacuo. The oil characteristics and seed properties 
25 were determined according to the procedures recommended by AOCS . 
iii) Preparation of Mixed Fatty Acids 
Seed oils were refluxed with ethanolic potassium 
hydroxide. The unsaponitiable material was removed by ether 
extraction and the free fatty acids were obtained by acidifica-
tion of aqueous layer and extracted with ether. 
: 11 : 
iv) Methyl Esters 
Esterification was done as follows: Samples were 
refluxed for 1 hr in a large excess of absolute methanol contain-
ing 1'/ sulphuric acid (v/v). The resulting mixtures were diluted 
to the cloud point with water, chilled in ice bath, and then 
extracted repeatedly with ether. Combined ether extracts were 
dried over anhydrous sodium sulphate and evaporated under vacuo. 
v) Thin Layer Chromatography 
a) Direct TLC 
Analytical TLC was performed on plates coated with 
0,25 mm or 1.0 mm thick layer of silica gel. The plates were 
developed with a mixture of pet. ether (40-60C)-ether(40:1, v/v). 
The plates were rendered visual by spraying with a 20/. aqueous 
solution of perchloric acid and heating in an oven(L^llOC) for 
10 min. 
b) Reversed-Phase TLC 
Reversed-phase TLC of the esters were carried out .on 
siliconised silica gel plates using acetonitrile-acetic acid-
water (70:10:20, v/v/v). Spraying of the chromatoplates was 
done with 20/. aqueous perchloric acid solution. 
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c) Arqentation TLC 
Silica gel plates impregnated with 20/. silver nitrate 
were used for argentation TLC. Solvent system pet. ether^ether 
(92:8, v/v) was used for developing the plates. 
vi) Gas Liquid Chromatography (GLC) 
Methyl esters were examined quantitatively by using a 
Perkin-Elmer Model-154 vapour fractometer equipped with a thermal 
conductivity detector, using stainless steel packed column 
(2 m X 3 mm) coated with diethyleneglycol succinate (DEGS), 15/, 
on chromosorb W, 45-60 mesh. The separations were carried out 
isothermally at 200C, chart speed 0.76 m/hr with hydrogen flow of 
70 ml/mino 
vii) Infrared (IR) 
IR spectra were recorded on Perkin-Elmer Model-621 
spectrophotometer as liquid film or as 1/ solution in carbon 
tetrachloride. 
viii) Ultraviolet (UV) 
UV spectra of oils were recorded on DK-2 Ultraviolet 
spectrophotometer in methanol. 
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ix) Nuclear Magnetic Resonance (NMR) 
NMR spectra were obtained on a Varian A60 spectro-
meter in CCl^^/CDCl^. Chemical shifts are reported in ppm (S ) 
relative to tetramethylsilane (TMS) as an internal standard. 
Chapter 2 
Many plants synthesize compounds v^ h^ich are capable of 
liberating hydrogen cyanide upon hydrolysis. This ability, known 
as cyanogenesis, has been recognized for centuries in plants such 
as apricots, peaches, almonds and other important food plants . 
Cyanophoric capabilities of plants are mostly due to two types of 
compounds, cyanogenic glycosides and cyanolipids. Cyanogen-
containing fatty acid moieties are much restricted in distribution 
than cyanogenic glycosides. 
Structures of cyanolipids were first reported from 
07 OR Cordia verbenacea (Boraginaceae) ' and later from other plants 
O Q—'^  A 
of the family Sapindaceae "" . Screening of even closely related 
families such as the Aceraceae (maples) and Hippocastanaceae 
(buckeyes) earlier failed to reveal the presence of these nitro-
genous compounds although both contain nonmetabolic amino acids 
which are structurally related to those of the Sapindaceae. 
Recently, a cyanolipid was isolated from seed oil of Hippocasta-37 naceae family in the author's laboratory . 
38 
Mikolajczak reviewed the cooccurrence of triglyce-
rides and cyanolipids in the seed oils of the families of 
Sapindaceae and Boraginaceae * . Cyanolipids were also first 39 found in seed oil of Schleichera tri.juqa . To date, four types 
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of cyanolipids have been isolated mostly from the seed oils of 
40 Sapindaceous plants. Recently,Seigler and coworkers have 
demonstrated that the aglycone moieties of cyanolipids I, II and 
41 III are biogenetically derived from leucine Cyanolipid IV, 
which appearsto be a direct precursor to cyanolipid I, may give 
40 rise to cyanolipids II and III by an allylic rearrangement 
NC 
NC 
0 C) 
•0-C-(CH2),8CH3 
(I) 
0 C > ( C H 2 ) J _ 8 C H 3 
H 
(III) 
0C(CH2)i8CH3 
NC H 
(II) 
0 
(IV) 
Cyanolipids have been identified in the seed lipids 
which are cyanogenetic nonglycerol esters and are derivatives of 
five carbon mono- or dihydroxynitrile moiety esterified with long 
chain fatty acids (I-IV). Out of these, one class of component is 
a mixture of diesters containing two fatty acid moieties esteri-
fied with l-cyano-2-hydro'xymethylprop-2-ene-l-ol (I) and 1-cyano-
2-hydroxymethylprop-l-ene-3-ol (II). The other class of cyano-
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lipids comprises monoesters of l-cyano-2-hydroxymethylprop-l-ene-
3-ol (III) and l-cyano-2-rnethylprop-2~ene-l-ol (IV). 
Although cyanolipid IV apparently serves a vital role 
in the biogenesis of the other cyanolipids, its biosynthesis has 
not previously been investigated. The structural similarity of 
cyanolipid IV to the other cyanolipids suggests that leucine is 
an intermediate in its biosynthesis. Furthermore, the a-hydroxy-
nitrile aglycone of cyanolipid IV is identical to the proacacipe-
talin, a cyanogenetic glycoside found in several species of 
Acacia. Proacacipetalin has been demonstrated to be derived from 
leucine"^^ in seed oil of Koelreuteria paniculata^*^. The aglycones 
of several cyanogenic glycosides have also been shown to be synthe-
sized from aminoacids'^ "^''^ ,^ one of these glycosides, acacipetalin 
is found in Acacia sieberiana^^*. It is a glucoside of the same 
38 ct-hydroxynitrile found in the cyanolipid of Unqnadia speciosa . 
Another cyanogenic glucoside, cardiospermin has also been isolated 
48 
from Cardiospermum qrandiflorum which contains a similar 
aglycone portion to that of cyanolipid I, but its biosynthetic 
origin has not been examined,because the structure of I suggests 
that leucine is a logical biosynthetic precursor and all compounds 
of this type possess similar structures and occur in related 
49 plants 
Two 'minireviews' elaborate on certain aspects of some 
50 51 secondary metabolites . One of these reports reveals that all 
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of the cyanolipids, present in Ungnadia speciosa seeds 
disappears v^ ithin three days following germination, this observa-
tion strongly reports that in this one plant, cyanolipids func-
tion as a storage facility for materials needed at this specific 
point in its life cycle. 
Presence of high content of C^q acid is a curious 
feature of these cyanolipids containing seed oils and the prefe-
rential incorporation of these acids into cyanolipids rather than 
into accompanying triglycerides. This preference is probably 
30 
related the observation that seed oil, of Litchi chinensis 
reported to contain insignificant amount of C^^ acid , also 
contains no cyanolipids. Recent work in the author's laboratory 52 53 54 on cyanolipid content of some Sapindaceae ' and Boraginaceae 
species has revealed that presence of C^q acid is not a prerequi-
site for the occurrence of cyanolipids in seed oils. Two species 
of Heliotropium (Boraginaceae) containing 30-40>^ of cyanolipids, 
do not contain any C^q acid. Seed oils of Dodonea viscosa and 
Cardiospermum canescens (Sapindaceae) contains high percentage of 
C^Q acid. 
Characterization and Quantitation of Cyanolipids 
NMR spectroscopy has proven to be the most useful method 
for characterization of structure of cyanolipids. The significant 
signals one needs to examine are distinctive and well resolved 
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from the acyl group proton signals. The NMR spectrum of cyano-
lipid I displayed two overlapping triplets, giving the observed 
four line pattern centered at 5 2.34 for methylene group protons 
a to the acyl carbonyl groups (Ha, Hb). The -CH^-O-protons (He 
and Hd) appear in a singlet at 8 4.63 if analysed in CDCl^; in 
C^D^, these same protons give two doublets J=13 Hz. 
Q He Hd He CN 0 
11 \ X I / II 
C C ^ ^ C 
Ha Ha Hb ^Hb 
Hf Hg 
Dihydroxynitrile portion of I, exhibited three broadened 
singlets at § 5.50 and 5.66 (Hf and Hg) and at 8 5.94 (He). Hf and 
Hg (terminal methylene protons) frequently are nonequivalent and 
have different chemical shifts. Another unusuality of this type 
of protons is that they generally show minor coupling constants in 
contrast to the 10 to 15 Hz coupling, commonly existing between 
nonequivalent geminal protons. Irradiation of the (He and Hd) 
signals exhibits a partially decoupled NMR spectrum, which indi-
55 
cates that allylic coupling exists between protons He, Hf and 
Hg. 
In case of cyanolipid II the NMR data(S) are given 
below; 
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R 
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II 
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Hb 
4.68 
Hb 
C = C 
Hc^ ^Hc 
4.87 
5.55 
Ha 
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In cyanolipid III NMR values (S) are given as bel ow; 
R. 
Hb 
C 
^Hb 
2.36 
He 
4.78 
He 
5.24 
C = c C 
I \ Ha - C - Ha ^CN 
Ha 1.96 
In cyanolipid IV, NMR signals ( S ) illustrated below: 
1.86 
Ha 
\ 
X Ha 
5.78 
Ha He 
C / \ Hd He 
CN 0 
II c. R 
0 C, 
Hb 2.39 ^ Hb 
5.32 5.17 
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Recently,a note recommending NMR analysis of unfractio-
nated seed oils as both quantitative and qualitative measure of 
cyanolipids was reported^^, 
Infrared Spectroscopy 
IR analysis of cyanolipids containing seed oils is not 
a particularly suitable detection method, but it can give valuable 
data when used in conjunction with other methods. Cyanolipids I 
and IV (cyanohydrin derivatives) produce no truely characteristic 
IR bands. The ester band -C=0 (1740 cm~^) of I is slightly 
broadened. A weak, broad bands in the regions 920-965 cm"^ and 
1010 cm~^, which probably reflect the =CH2 grouping present in 
these cyanolipids. No -C^N absorption band is observed in the 
spectra of I and IV, because it is completely quenched by the 
57 -1 proximity of the oxygen moiety . However, this 2230 cm band is 
prominent in spectra of II and III because, in these structures 
the band's intensity is increased due to conjugation of the carbon-
nitrogen triple bond with the double bond and due to nonavailabi-
lity of an a oxygen atom. 
Mass Spectra 
Mass spectral analysis is helpful in the structure 
determination of all cyanolipids because these cyanolipids give 
molecular ions. Cyanolipids I and II, the diesters, give mole-
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cular ions for all possible combinations of any two acyl groups 
found in the cyanolipid esterified with the dihydroxynitrile of 
28 31 
molecular weight 113 ' . In cyanolipid.I, molecular ions 
observed at m/z 671, This molecular weight corresponds to that 
of the diester containing a C^q saturated acid and a Cj^ g monoun-
saturated acid. A fragmentation pattern was proposed for cyano-
lipid I from Kusum oil 
265 
390 
295 CH^-KO f C - (CH^)^ - CH = CH - (CH^)^ — CH 
375 H^C = C 
2'm ^"3 
n+m = 14. 
321 - C - (CH2),8CH3 
0 
645 C=N 311 C^gH^^O^N = 671, 
The fatty acid composition of cyanolipid II indicates^^ 
that most abundant molecular ion would be derived from diester 
incorporating a C^q monounsaturated acid and a Cj^ g monounsaturated 
acid (m/z = 669); the MS studies showed that this conclusion was 
32 
correct. Cyanolipids III and IV from Stocksia oil, produce a 
preponderance of the molecular ion of m/z = 389 from a C^q mono-
enoic ester of the hydroxynitrile function. 
Ultraviolet Spectra 
CyanolipidsII and III from Koelreuteria"''^ showed UV 
absorption in cyclohexane at 208 ^m; cyanolipids I and IV possess 
31 
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no ultraviolet absorbing chrorriophore and cannot be detected by « 
this method. 
Chemical Method 
The chemistry of cy^nolipids is similar to that of 
glycerides or other fatty acid esters except for the instability 
of the hydroxy and dihydroxynitrile moieties on which they are 
9 8 
based. Seigler et perfoimed various structure-revealing 
reactions (bromination, hydrogenation, alkaline hydrolysis, 
reaction with acetic acid-sulphuric acid etc.) with cyanolipids. 
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ii) Seed Oil of Schleichera oleosa (Sapindaceae) 
In recent years, unique type of derivatives of glycerol 
have been discovered in the seed oils besides the common usual 
triglycerides. Recently, acetotriglycerides^^'^^ and tetra-acid 
60 
glycerides have been found to occur in natural' seed oils. A new 
class of lipids 'cyanolipids' may be added to the above list. 
These cyanolipids cooccur with triglycerides in seed oils of the oo p7 OQ family Sapindaceae and Boraginaceae ' . 
Presence of cyanogenetic nonglycerol esters with acyl 
28—34 61 triglycerides in the seed oils of Sapindaceae is reported * 
Occurrence of cis-ll-eicosenoic) acid as a common component 
of the oils of Sapindaceae has been reported by Hopkins and 
62 34 
Swingle . Seigler recently developed a method of NMR spectral 
analysis of oils for the detection and estimation of cyanolipids 
in oils. 
In continuation of our work on cyanolipid-containing 
seed oils^^"^'^, we have now investigated the seed oil from an 
additional Sapindaceous plant, S. oleosa to isolate and charac-
terize its cyanolipid content. 
oleosa (Vern. Kosum, family-Sapindaceae) is found 
in Central and Southern India and Chota Nagpur. Powdered seeds 
are used for animal ulsers. Seed oil used for the cure of itch 
and acne. Oil of the seeds is also efficient and stimulating 
: 24 : 
agent for the scalp, both cleansing it and promoting growth of 
u • 63 hair . 
Seed oil of S. oleosa was extracted from finely ground 
seeds by a 16 hr extraction with petroleum ether (b,p.40-60C) in 
a soxhlet apparatus. Elemental analysis of the oil revealed 2»3'/ 
nitrogen content. The oil on treatment with dilute base at 35-50C 
for 30 min produced HCN as shown by positive prussian blue^^ and 
sodium picrate tests^^. Analytical TLC of the S, oleosa oil on 
0.25 mm thick layers of silica gel with a reference standard of 
25 
Cardiospermum halicacabum oil was more revealing than IR spect-
rum. By using solvent system petroleum ether-ether-acetic acid 
(85;15:1; v/v/v) the triglycerides migrated at R^ 0.59 while the 
nitrogen containing lipid fraction (NCLF) at R^ 0.72. 
Isolation and Characterization of NCLF 
The seed oil was fractionated by preparative TLC using 
ether-hexane (1:3; v/v) into two components, triglycerides 75yi 
and NCLF 25j^ . The IR spectrum of NCLF showed two medium intensity 
bands at 1010 and 935 cm~^, which showed the terminal methylene 
(=CH^) grouping in this cyanolipid besides other usual signals 
(1745, 1450, 1385, 1100-1210 cm""^ ) of ordinary triglyceride. IR 
bands 1010 and 935 cm~^ are not found in ordinary triglyceride 
spectra. There was no C = N absorption band ^ 2230 cm"^ which is 
consistent with the previous finding and may be attributed to the 
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quenching effect of the oxygen function present on the same carbon 
atom to which the cyano group is attached (-CH-C=N). NMR spectrum 
0_ 
gave conclusive evidence for the identity of NCLF. In the NMR 
spectrum of the cyanolipid, the usual fatty acid signals were 
observable at S 0.89 (terminal methyl), 1.23 (chain methylene), 
2.4 (allylic methylene). The two methylene protons adjacent to 
the oxygen atom of the dihydroxynitrile moiety gave a singlet at 
4.7 (2H) beside this the additional singlet at S 5.98 was assigned 
to the methine proton a to cyano group (CP^CN). Two broadened 
singlets at S 5.74 and 5.6 were ascribable to terminal methylene 
H protons (=C< ). The terminal methylene protons are nonequivalent ^  
H 
therefore they have different chemical shifts and show small 
coupling constant. This NMR spectrum was found almost similar 
with the spectrum of the cyanolipid reported in Boraginaceae seed 
oils. Thus on the basis of their spectral data the structure of 
the cyanolipid was established as 
fi H ^ H H^ ^CN g 
R - C ^ C"^ 
/ \ II H H C 
H H 
C 
/ \ H H 
Diester of l-cyano--2-hydroxymethylprop-2-ene-l-ol. 
The structure of NCLF as diester of l~cyano-2-hydroxy-
methylprop-2-ene-l-ol was further supported by its bromination. 
: 26 : 
The NCLF on bromination at room temperature gave almost 
quantitative yield of an oily product which showed a single spot 
on TLC plate. The product did not responded to tetranitromethane 
test of olefinic unsaturation. Its IR showed bands at 1740 and 
720 cm~^ for ester carbonyl and C-Br stretching with other usual 
absorption bands. The disappearance of two important signals 
(935, 1010 cm"^), which were assigned to terminal unsaturation 
(C=CH2), in the brominated product confirmed the presence of C=CH2 
grouping in the original NCLF. 
Further the NMR spectral studies of the brominated 
product was more structure revealing. It showed a sharp singlet 
at S 5.79 for methine proton attached to cyanide grouping 
(-CH-C=N), Signals due to terminal methylene grouping (CSCH2) in 
the original NCLF at S 5.74 and 5.6 were found disappeared and a 
new sharp singlet at 8 3.92 appeared for the protons attached to 
bromine (-C-C Br). Appearance of sharp singlet suggested that 
these two protons are equivalent. However a broad clear doublet 
Br 
at S 4.3 for methylene group attached to oxygen (-0-^ .C-) 
C 
H H 
suggested these to be nonequivalent. Other signals observed were 
at S 4.15 (due to protons of acyl group brominated carbon atom), 
2.41 (methylene protons adjacent to carboxylic group), 1.3 (chain 
methylene) and 0.9 (terminal methyl). It is earlier reported 
that the bromination of NCLF I gave two diastereoisomers, this 
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observation was based on the appearance of two set of signals; 
two signals for at ^ 5,84 and 5.81; two singlets for 
-C^Br at S 3.94 and 3.90; two doublets, at S 4.58 and 4.38 for 
Br 
However in our case we have not observed such type 
of signals, though the signal at S 4.3 was a broad clear doublet 
and the sign al at S 3 .92 was a sharp singlet. Thats why it is 
difficult at this stage to comment on its diastereoisomeric 
purity. However these data clearly established the structure 
proposed to NCLF. It was further supported by its acetolysis. 
C 
\ / I 
f 2 
R-O-CH2-C-CH-O-R 
C ~ N 
AcOH 
H2SO4 
I 3 
C = 
CH. 
0 
• O-R 
C=0 
CH-
I 3 
CH- O-R 
CH C=0 
\ / 0 
IR spectral analysis of the acetolysed product showed 
a band at 1760 and 1720 cm"^. The appearance of 1760 cm"^ band 
suggested the presence of a y-lactone. These findings are 
coroborated with earlier observations. All these data clearly 
established the structure of the cyanolipid as diester of 1-cyano-
2-hydroxymethylprop-2-ene-1-ol. 
Previously noted interesting feature of Sapindaceous 
seed oil is the presence of large amount of C2Q fatty acid. Seed 
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oils containing cyanolipids generally contain C2Q monoene and 
preferential incorporation of these acids are with cyanohydrin 
moieties rather than normal triglycerides. Except few seed oils 
of Boraginaceae family, all the other cyanolipid containing oils 
follow this hypothesis. 
The fatty acid composition of the total triglyceride 
oleosa seed oil was determined by GLC analysis of the 
methyl esters using both nonpolar (SE 30) and polar {I'^'A DEGS) 
columns. The uncorrected weight percentage of the component 
fatty acids are given in Table-2. 
Table-2 
Sample Fatty acids (uncorrected wt. '/.) 
16:0 18:0 18:1 18:2 18:3 20:1 22:0 
Triglycerides 4.92 0.73 44.93 2.27 20.82 23.05 3.5 
Argentation TLC of methyl esters of the total oil 
showed the presence of saturate , monoene, diene and triene. 
While argentation TLC of methyl ester of NCLF fraction showed 
the presence of monoene in higher amount, alongwith saturate , 
diene and triene. 
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GLC analysis of the methyl esters of the total oil 
showed ^ 68'/ of monoenoic acid of the total fatty acids present 
in oil. A moderate yield (<-^23^) of C2Q monoene was present, 
which is an interesting feature of cyanolipid-containing 
Sapindaceous seed oils. Another interesting feature of cyano-
lipids is the incorporation of their monoene preferentially to 
cyanohydrin moieties was also observed. The argentation TLC of 
the methyl esters prepared from cyanolipids showed high percentage 
of monoenes and minor amounts of saturate , diene and triene. 
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EXPERIMENTAL PROCEDURES 
1. General Methods 
Spectroscopic and chromatographic analyses of oil and 
its esters were done in the same way as described in the section 
of analysis of 'Minor Seed Oils'. Primary analysis of the seed 
25 
and its oil were determined by the standard AOCS procedures 
and the data were summarized in Table-3. 
Table-3 
Analytical data on seeds and oil 
Species Seed Analysis I.V.® S.V.^ Ref.^ 
oil protein 
content content 
moisture 
content 
Index 
"D 
S. oleosa 32.0 13.2 6.1 121.40 182.86 1.4803 
a = Iodine value; b = Saponification value; c = Refractive indexj 
2. Detection of Cyanolipids 
Two tests were adopted to detect the presence of HCN in 
the seed oils. The cyanolipid material readily liberated HCN by 
a standard picrate test^^. The other test involved the formation 
: 31 : 
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of an intense blue colour , thereby indicating the presence of 
cyanide. 
a) Sodium Picrate Test^^ 
About 50 mg of liquid material placed in test tube with 
1 ml of dilute NaOH or H2S0^. A filter paper dipped in an alka-
line solution of sodium picrate was dried and suspended over the 
mixture in stoppered test tube. The mixture was heated at 30-50C 
for half an hour. A positive test involved a colour change from 
yellow to brick red of the filter paper. 
X 64 b) Prussian Blue Test 
The liquid material was placed in 50 ml of conical 
flask with 2 ml of methanol and either 1 ml of 10/. NaOH or 1 ml 
6N H2S0^. When NaOH was used, the mixture was warmed for a few 
minutes on the waterbath and acidified with H2S0^. The mixture 
was treated with few drops of 5>< FeSO^ solution and then with 
10;^  HCl. Appearance of prussian blue colour indicated a positive 
test for cyanide. 
3. Isolation of NCLF 1 
Isolation of NCLF I was done by preparative plates. 
For preparative TLC separation^plates 20x40 cm (l mm thick) were 
used. The spots were detected by spraying with an alcoholic 
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solution of 2',7-dichlorofluorescein and viewing them under UV 
light. The separated bands were scraped, extracted from silica 
gel by the standard method and the purity of the components was 
examined by analytical TLC. 
Bromination of NCLF I 
A 210 mg NCLF I dissolved in CCl^ (10 ml), was treated 
with a solution of 5/. Brg in CCl^ until the colour persisted in 
the solution. After 30 min, the solvent and excess bromine were 
removed under vacuo at 30C. The structure of dibromo derivative of 
NCLFI was confirmed by spectral data as described earlier. 
Acetolysis of NCLF I 
160 mg of NCLF I was refluxed with 20 ml of glacial 
acetic acid and 0.5 ml of concentrated H^SO^ for 3 hr. Part of 
the acetic acid was taken off on a rotatory evaporator at 40C and 
the remaining solution was diluted with water and extracted with 
ether. After the extraction, the solvent and residual acetic 
acid were removed under vacuo. Formation of the desired product 
is discussed previously. 
Chapter 3 
i) Cyclopropenoidi Fatty Acids 
Among the naturally occurring cyclic fatty acids, the 
cyclopropenoid fatty acids (CPFA) have been reported in the seed 
lipids of plant families of the order Malvales (Sterculiaceae, 
Bombaceae, Malvaceae, Tiliaceae) Nunn"^ *^  in 1952 has isola-
ted the first cyclopropenoid acid (CPFA), 9,10-methyleneoctadec-
9-enoic acid (Sterculic acid; SA) from the seed oil of Sterculia 
71 foetida (Sterculiaceae). MacFarlane ^t aJ^ . , first reported 
Malvalic acid (8,9-methyleneheptadec-8-enoic acid; MA) a homologue 
of sterculic acid. It is a component of cotton seed oil triglyce-
7 9 rides . Both the acids, viz. sterculic and malvalic often occur 
together. 
A number of other cyclopropenoid fatty acids have been 
reported as a seed oil constituent; D~2-hydroxysterculic acid in 
73 74 seed oil of Pachira aguatica , P. insignis. Bombacopsis glabra ; 
and sterculynic (8,9-methyleneoctadec-8-ene-17-ynoic) acid in seed 
oil of Sterculia alata . Presence of malvalic and sterculic acids 
1 6 have reported by Badami et from the seed oil of S. alata. 
CPFA with shorter chain length than malvalic acid were 
77 also discovered in a number of seed oils. Raju and Reiser 
reported the presence of CPFA of shorter chain length than malva-
78 lie acid, by GLC retention time. Johnson e^ al., isolated a 
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Cj^^-cyclopropene from fruits of certain Malva species. Seed oil 
79 
of Euphoria lonqans was found to contain Cj^2~'^yclopropenoid 
acid. 
73 Bohannon ejt found the presence of CPFA along with 
the epoxy acid from the seed oil of Pteryqota alata^^ (Sterculia-
ftn 81 
ceae). Osman and coworkers ' have also reported the occurrence 
of CPFA with the epoxy acid in seed oils of Hibiscus sabdariffa, 
ficulneus. Recently, occurrence of CPFA in Sterculia 
monosperma, Durio zibethinus and Gnetum qnemon was reported by o^ p q 
Berry * . Seed oils of six species of Adansonia and Abutilon 
85 pannosum were reported to contain malvalic and sterculic acids. 
Pavonia sepium seed oil is the first member of the 
family Malvaceae in which SA content was found to be greater than 
87 88 that of MA. Ahmad ejt * reported similar observation in 
seed oils of Urena lobata and Sida rhombifolia of the family 
89 Malvaceae. Seed oil of Eriolaena hookeriana contains more 
malvalic than sterculic acid. From our laboratory CPFA have been 
87 90 reported in the seed oils of Sida acuta , Hibiscus caesius , 
H. sabdariffa^^, Guazuma tomentosa^^, S, qrewioides'^^» Pentapetes 
go go Q4 phoenicea . Abutilon indicum , H. mutabilis , Abelmoschus 
95 99 96 moschatus , Mtheae o f f i c i n a l i s and S t e r c u l i a colorata . 
It is well known that CPFA show toxic and other adverse 
6 9 Q9 
effects in a variety of animals Many physiological dis-
orders in animals, including altered egg production and fertility 
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in chickens, delayed sexual maturity and slow growth in rats are 
due to cyclopropene ring^*^*^®. CPFA were reported to be cocarci-
nogenic'^^*^'^^ and carcinogenic^^^Recently, it was reported 
that cyclopropene fatty acids decreased the levels of microsomal 
cytochrome 
P_45o103,104^ Malval ic and sterculic acids have diffe-
rent physiological activity. Physiological activity of sterculic 105 acid is found to be greater than malvalic acid 
Characterization and Quantitation of CPFA 
CPFA quantitation techniques have been found to be less 
than adequate and have resulted in a long search for a method with 
acceptable reliability and precision especially at the levels of 
low range found in materials consumed in.human diet. 
Following methods are used in the quantitation of CPFA: 
1) Halphen test, 
2) HBr-titration, 
3) Gasiliquid chromatography, and 
4) Spectroscopic techniques. 
1) Halphen Test 
It is well known that seed oils containing CPFA respon-
ded to Halphen test^^^, giving red or orange colour. The struc-
tures of these coloured compounds were established by Zahorsky 
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107 et al. The Halphen reaction involves formation of a chromatogen 
that is calorimetrically measured for quantitation of CPFA^ '^ "^"^ ^^  
by using solution of sulphur in carbon-disulphide, which react 
with the cyclopropene ring. Very recently, it was reported that 
participation of CPFA in the Tortelli-Jaffi reaction^^^ with 
bromine produced blue colour. 
2) HBr-titration 
This method is widely used for the quantitation of CPFA 
in seed oil. It involves a quantitative reaction of cyclopropene 
function with HBr^^^"^^^. Feuge et used, 4-phenylazodi-
phenylamine as a colour indicator in an improved method. For HBr-
117 titration Zeringue ejt employed a potentiometric titration. 
3) Gas Liquid Chromatography (GLC) 
For quantitation of CPFA two basic GLC techniques are 
used. 
a) Direct GLC of CPFA, 
b) GLC of CPFA derivatives. 
67 
A direct GLC technique used by Recourt and coworkers 
for the analysis of methyl esters of CPFA and it was reported that 
cyclopropene acids tend to decompose or rearrange on the GLC column 
due to higher temperature. Methyl linoleate and methyl malvalate 
: 37 : 
,118 or incompletely resolved on both non-
,11 
are either unresolved 
77 polar and polar columns. It has been reported that CPFA esters 
are quite unstable for analysis by this method. Recently,Fisher 
119 
et al. used a glass column, packed with a methyl silicone 
substrate on an inner support for quantitative analysis of CPFA. 
GLC of derivatized product of CPFA have been proposed 
120 77 121 as primary methods * . Coleman concluded that the methods 
77 adopted by Raju £t aJ^ . were unsatisfactory and that the tech-
120 niques of Schneider et _al. were satisfactory at the high level 
of CPFA. The cyclopropenoid contents are suitably modified 
120 21 
chemically by reaction of silver nitrate * in methanol and 
nonhydroxy solvents (such as acetonitrile, acetone etc.) or by 1 1 o 1 p 1 OA 1?2 hydrogenation * ' or by reaction with mercaptans 
The following derivatives were formed by treatment of 
AgNOg/R OH. 
R-C = C-R' + AgNO, — O H — ^ 
\ / ^ CH 
ch^or" ^h^or' 
R~C=CH-R' + R-CH=C-R' 
r«C-C-R' + r-C-C-R' 
II 
0 
The utility of this derivatization is that the unsatu-
rated components can be isolated and determined separately. Love-
land _et _al. have analysed cyclopropenoid fatty acid methyl esters 
125 by HPLC"^^ . 
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4) Spectroscopic Techniques 
The characteristic infrared spectra of CPFA illustrated 
two bands at 1008-1010 and 1852 cm""^  due to the in-plane wagging 
vibration of ting function and stretching frequency of ring double 
bond respectively. Measurement of the absorption at 1008-1010 cm^ 
has been suggested as a method of estimating the total content of 
cyclopropene ting. In NMR spectrum the cyclopropene methylene 
o 1 O ^  
protons were observed at o 0.80 (singlet). Pawlowski et 
reported the use of NMR as a rapid and quantitative method for 
detecting cyclopropene ring in lipids. 
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ii) CPFA in Seed Oil of Sterculia pallens (Sterculiaceae) 
CPFA have been a topic of much research due to their 
127 128 profound biological effect on animals * and cocarcinogenic 
a part of screening programme aimed at the 
search of biologically active CPFA, it was considered worthwhile 
to examine, S. pallens (Sterculiaceae) seed oil. It has been 
reported that the seed oils of family Sterculiaceae contain CPFA 
in their glycerides. 
pallens (Vern. Kardala) is a small tree with yellow-
ish smooth bark. Seeds are usually two, about half inch long and 
smooth. The plant is distributed through out Himalayas upto 
5000 ft in Garhwal and Kumaon^^^. 
The investigation of S. pallens seed oil revealed that 
it contained an appreciable amount of CPFA. It responded to 
Halphen test^^^. The IR spectrum of the crude oil displayed a 
sharp band at 1010 and a weak band at 1852 cm"^. NMR spectrum 
gave cyclopropene methylene protons as a singlet at S 0.72, 
confimed the cyclopropene ring. UV maxima for conjugated unsatu-
ration in the range 228-315 nm was absent. Standard AOCS proce-
25 
dures were employed for the determination of seed character-
istics and oil properties, and results are summarized in Table-4. 
HBr-titration of the oil at 55C, indicated the presence of 10.84j< 
HBr-active cyclopropene ring content. Occurrence of only nonoxy-
genated esters in the seed oil of S. pallens has been revealed by 
: 40 : 
Table-4 
Analytical data of S. pallens seed oil, 
Seeds 
Seed Oil 
Oil content {'/.) 
Protein content. 
Moisture (/.) 
Iodine value (Wijs) 
Saponification value 
30 
Refractive index, Hq 
Halphen test 
HBr-equivalent 
30.20 
20.10 
4.30 
85.30 
195.38 
1.4772 
Positive 
10.84 
direct TLC and IR. Silver ion TLC of sodium methoxide trans-
esterified oil gave corresponding spots of saturates, monoene, 
diene, triene and malvalate/sterculate parallel to those obtained 
from S. foetida esters resolved alongside. Spots of usual criti-
cal pairs and an extra spot corresponded to cyclopropene esters, 
as did the S. foetida esters, were observed by reverse-phase TLC. 
For quantitation of CPFA by GLC the methyl esters were 
first treated with silver nitrate-methanol to convert CPFA into 
the stable ether and ketone derivatives, then they were analysed 
by GLC. GLC analysis of silver nitrate-methanol treated methyl 
esters of S. pallens showed 3.87j< malvalic and 6,97'/. sterculic 
: 41 : 
acid. S. foetida derivatised methyl esters (AgNO^-MeOH) were used 
as standard. Beside the CPFA, the seed oil of S. pallens contains 
3,15'/. myristic, 21.14>^  palmitic and 2,85'/. stearic, 40.20'/ oleic, 
21.79^ linoleic acids (Table-5). GLC estimation of cyclopropenoid 
acid esters were in close agreement with HBr-titration. 
Table-5 
Fatty acid composition of silver nitrate-methanol reacted methyl 
esters ('/. wt.) derived from S. pallens and S. foetida seed oils. 
Fatty acids S, pallens S. foetida 
Myristic (14:0) 3.15 -
Palmitic (16:0) 21.14 26,00 
Palmitoleic (I6:l) - - 1,00 
Stearic (18:0) 2.85 3,40 
Oleic (18:1) 40.20 9,40 
Linoleic (18:2) 21,79 1,30 
Malvalic 
(ether deriv.) 
(ketone deriv.) 
3,31} 
+ ) 3,87 
0.56) 
6.50) 
+ ) 7,10 
.0,60) 
Sterculic 
(ether deriv,) 
(ketone deriv.) 
6.06) 
+ ) 6.97 
0.91) 
48,80) 
+ )51.20 
2.40) 
Reference standard of malvalic and sterculic acids. 
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EXPERIMENTAL PROCEDURES 
i) General Methods 
Spectroscopic and chromatographic analysis of oil and 
esters were carried out in the same way as detailed in the chapter 
of analysis of 'Minor Seed Oils'. 
ii) Seed and Oil Characteristics 
Grounded seeds were exhaustively soxhlet extracted with 
petroleum ether (40-60C) and the solvent was evaporated under 
vacuo in a rotatory evaporator. The analytical values of oils 
25 and seeds were determined according to the AOCS methods. 
iii) Halphen Colour Test^*^^ 
A solution of sulphur (1^ in CS2) was prepared for the 
Halphen test. Oil (l ml) was taken in amyl alcohol (l ml) and 
mixed with 1 ml of the above reagent. The mixture was heated on 
the water bath for few minutes till CS2 had boiled off. On keep-
ing the test tube in an oil bath (110-115C) for 1-2 hr, a red 
colour, characteristic of CPFA, developed, 
110 iv) HBr-titration of the Oil 
The quantitation of total cyclopropenoid material was 
done by titration of weighed amount of oil with O.IN hydrogen 
: 43 
bromide solution using crystal violet as an indicator at 55C to 
a bluish-green end point, that persists for 30 seconds. 
The percentage of the cyclopropenoid content was calcu-
lated by the equation: 
29.45xNxV CPFA = Wt. of Sample 
where N = Normality; V = Volume of HBr consumed in titration. 
v) Preparation of Methyl Esters 
The fatty acid methyl esters were prepared by trans-
esterification of oil (1 g) in 50 ml of absolute methanol that 
contained lyi sodium methoxide. The reaction was allowed to 
proceed by refluxing for 20 min and kept at room temperature for 
4 hr. After acidification with acetic acid the methyl ester was 
extracted with ether as usual and examined qualitatively by 
various TLC techniques prior to GLC analysis, using.S. foetida 
esters as reference standard. 
Characterization of CPFA from S. pallens Seed Oil 
Methyl esters of oil (200 mg) were treated with 60 ml 
of absolute methanol saturated with silver nitrate. The reaction 
was allowed to proceed at room temperature with stirring for 
24 hr. The normal methyl esters and the reaction products from 
: 44 : 
cyclopropene were recovered from the reaction mixture by adding 
100 ml of distilled water and extracting with ether. The ether 
extracts were dried over sodium sulphate and evaporated in a 
stream of nitrogen. 
Freshly prepared esters of S. foetida were also treated 
with silver nitrate-methanol as above. The esters containing 
sterculate and malvalate derivatives, thus obtained, were used in 
GLC analysis as reference standard . 
Component acids identification was made by comparing 
its retention time with that of a reference standard. Comparison 
of the relative retention times of the derivatives of S. foetida 
esters as well as that of S. paliens esters clearly established 
the presence of sterculic and malvalic acids in the seed oil. All 
GLC data reported are given as area percentage (Table-5). 
: 45 : 
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Part -11 
Derivatization of 
Fatty Acids 
: 52 : 
Organic chemistry is, to a large extent, a study of 
reactions of functional groups with important contribution of 
polar, stearic, conformational and neighbouring group effects. 
Fatty acids generally undergo all reactions of organic chemistry. 
Reactions of fatty acids in general can be divided into two broad 
groups (i) those involving the hydrocarbon chain and (ii) the 
reactions of the terminal carboxyl group. 
Most recent developments in chemistry of fatty acids 
begin from 1960 to date. This period is characterized by a 
series of investigations on the classical and nonclassical reac-
tionsof fatty acids. The chemical reactions of long chain acids 
are essentially those of the carboxylic group, the olefinic 
double and triple bonds and a mid-chain functional group. 
Neighbouring group participation may be observed when reactions 
occurring at one functional group in a molecule are influenced 
by a second functional group in the same molecule and may result 
in an enhanced reaction rate or in a product of an unexpected 
stereochemistry or structure. During the last decade, new and 
interesting reactions of fatty acids have been described to 
synthesize a variety of fatty acid derivatives. 
The ever-increasing cost of petrochemicals has diverted 
the attention of chemists to synthesize oloochemicals/agrichemi-
cals from natural fats and oils. These fat-derived chemicals are 
increasingly becoming essential to a variety of industries such 
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as coating, surfactants, plasticizers, lubricant, additives, 
cosmetics, pharmaceuticals and organic pesticides. The research 
in oleochemistry is fast assuming importance and therefore 
derivatization of fatty acids is a popular area of research in 
the field of fatty acid chemistry. 
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Chapter 4 Theoretical 
Nitric Acid Oxidation of Unsaturated Fatty Acids 
One of the oldest and most frequently occurring reac-
tions in fat chemistry is oxidation of fats and fatty acids. 
Oxidation of fats is of fundamental importance in many processess 
such as the utilization of fat in the human body (conversion of 
polyunsaturated acids to prostaglandins), in the drying of oil 
films (linolenic and conjugated fatty acids polymerization), 
manufacture of various oxidation products (dicarboxylic acids 
etc.) and in the investigation of structure of fatty acids 
(double bond position etc.). Nearly all the reagents used for 
oxidation in organic chemistry are capable of oxidizing fats and 
fatty acids. Some oxidizing agents are highly specific in their 
activity while others are quite general in both reactivity and 
applications. The oxidation reaction products are numerous and 
diverse, vary with the oxidizing agents and the oxidation condi-
tions, i.e. temperature, concentration of reagent and substrate, 
solvent, duration of oxidation and catalysts etc. The use of 
nitric acid in oxidation of fats and fatty acids is known since 
long time back. Nitric acid is usually employed for the intro-
duction of nitro group. Under the drastic condition of nitration 
cleavage of organic molecule may occur. During the course of 
nitration the main reaction is accompanied by side reactions 
which decrease the yield of the nitro compound. The oxidizing 
effect of nitric acid is responsible for these side products. The 
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rise in temperature, water content of reaction mixture and amount 
of nitrogen oxides in the nitric acid are responsible for the 
enhancement of oxidising effect. 
Unsaturated aliphatic compounds undergo nitration more 
readily than saturated hydrocarbons. Similarly acetylenic hydro-
carbons are easily nitrated. The most wide-spread method of 
nitration is the use of a mixture of nitric acid and concentrated 
sulphuric acid. This reagent is most powerful nitrating agent. 
The presence of H2S0^ contributes to its dehydrating property and 
also enhances the nitrating action of nitric acid. Another fairly 
common method of nitration is the use of a mixture of nitric acid 
and glacial acetic acid or/and acetic anhydride. Acetic acid 
when used with nitric acid, plays the same role as water, it also 
serves to bind the water which is produced during the course of 
nitration. The use of a mixture of nitric and acetic acids gene-
rally give mononitro derivatives, while sulphuric and nitric 
acids mixture generally leads to a greater degree of nitration, 
giving di- or polynitro derivatives. Nitration reactions in 
presence of various catalysts, such as AlCl^, BF^, chromium, 
tungston, molybdenum etc. were also carried out. The reaction 
mechanism of nitration has long been a subject of much investi-
gations, which could be linked with the great importance of 
nitration in various industrial applications. 
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It has been shown that in nitration vjith mixed acids, 
the active nitrating species is the nitronium cation, which 
is formed as follows: 
HNO3 + H^SO^ N0+ + H30'^  + 2HS0~ 
2HNO3 ^ H^ O"^  - MO2 + NO3 ^ NO2 + H2O 
Nitration of saturated and unsaturated fatty acids 
with conc. nitric acid has been studied^ thoroughly under diffe-
rent reaction conditions and variety of cleavage products and 
2 3 nitro derivatives * have been prepared. 
The action of nitric acid on the lower members of the 
4 saturated fatty acids was investigated by Arppe . Oxidation of 
stearic acid with fuming nitric acid in conc. sulphuric acid 
e^-
.6,7 
5 yielded a mixture of dibasic acids of all chain lengths . M thyl 
stearate was reported to yield essentially the same results 
when oxidized with 1:1 mixture of sulphuric and nitric acids. A 
g 
mixture of mono- and dibasic acids were obtained when saturated 
fatty acids were treated with nitric acid (10-30j<) at elevated g 
temperature and pressure. Noerdlinger oxidized myristic acid 
with conc. nitric acid and obtained, in addition to carbon 
dioxide, principally succinic and adipic acids, and small amounts 
of pimelic, suberic, and oxalic acids. Excellent yields of 
dibasic acids containing at least 4 carbon atoms were obtained 
: 57 : 
by the oxidation of aliphatic monocarboxylic acids with conc. 
nitric acid containing at least 10'/. of a mineral acid, such as 
sulphuric or phosphoric acid and vanadium salts as catalysts^? 
9,10-Dihydroxystearic acid was reported to yield 61-/. nonanedioic 
acid when treated with nitric acid, in presence of ammonium 
vanadate catalyst^^. 
Oleic acid yielded nonanoic and nonanedioic acids when 
oxidized -with HNO^ under various conditions: 9b'/. HNO^ at 20-25C 
19 11 or with MnO^ as catalyst at 105-110C , with ammonium vanadate ; 
dilute nitric acid, 125-200C, 10-500 p.s.i.®, dilute HNO^ plus 
TO 
air at 15 p.s.i. As practiced in early days, the treatment of 
oleic acid with conc. HNO^ resulted in the production of 
nonnitrogenous mono- and dicarboxylic acids. More recent studies 
indieated^^ that the products obtained depend largely upon the 
reaction parameters (temperature, pressure and nitric acid 
concentration etc.). Low temperature and dilute nitric acid 
generally favour the formation of nitrogen addition product. 
On the other hand by the use of higher temperature, higher 
pressure and longer reaction time, the primary product react 
further and cleavage product predominates. 
Nitration of methyl oleate with acetyl nitrate^^*^^ 
prepared ^ situ from nitric acid and acetic anhydride gave 
three types of products. 
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NO^ ONO^ 
-CH = CH - CH- -CH ~ CH~ -CH ~ CH-
NO^ OCOCH3 NO^ 
28'/ 41'/ 28'/ 
The uncatalyzed oxidation of ricinoleic acid by nitric 
17 acid gave a good yield of azelaic acid . When ricinoleic acid 
oxidized with conc. HNO^, using copper or ammonium vanadate as 
18 catalyst, a mixture of undecanedioic and dodecanedioic acids 
17 
were obtained. Ricinoleic acid with conc. HNO^ or 40-90'/ HNO^ 
with ammonium vanadate yielded nonanedioic acid. 
2 
Shin et al. showed that when a,p-unsaturated 
carboxylic ester was treated with fuming nitric acid, two pro-
ducts, a,p~unsaturated a~nitrocarboxylic ester and a-hydroxy-p-
nitrocarboxylic ester were formed. 
1 1 1 R-CH=CH-COOR-^ ^ R-CH=C-COOR-^ + R-CH - CH-COOR"^ 
NO2 NO2 OH 
When methyl 4-methyl-2-pentenoate was treated with 
fuming nitric acid (sp. gr: 1.52) with vigorous stirring at 
about 30C for more than five hr, it gave methyl 4-methyl-2-
nitro-2-pentenoate and methyl 2-hydroxy-4-methyl-3-nitropenta-
noate in 33 and 39'/ yields respectively. 
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107 
Windaus has carried out the nitration of olefins with 
fuming nitric acid in presence of glacial acetic acid and prepa-
red nitrolefin, in more than 50'/ yield. 
19 
Advani and coworkers have carried out nitration of 
oleic, erucic and ricinoleic acids in various proportions of 
nitric acid and observed that as the molar ratio of nitric acid 
and unsaturated fatty acid increases the ratio of oxidation 
product also increases. In catalytic oxidation, greater cleavage 
of unsaturated acids take place. They have also observed the 
formation of nitration product, but have not isolated the indivi-
dual nitrogenous products. The oxidation of acetylene compounds 20 21 
with conc. HNO^ has also been reported ' . Stearolic acid with 
fuming nitric acid yielded diketostearic acid with some cleavage 
products. 
Chapter 4(a) Discussion 
Synthesis of Starting Materials 
Synthesis of 10-Undecynoic (V) and 9~Octadecynoic Acids (VI) 
For the preparation of 10-undecynoic (V) and 9-octa--
22 
decynoic (VI) acids, the method of Kannan £t was used which 
involved bromination of lOundecenoic (I) and cis-9~octadecenoic 
(II) acids followed by dehydrobromination of resulting dibromo 
acids (IV) with alcoholic potassium hydroxide (Scheme-l). 
Scheme-1 
R - HC = CH - R' 
(I, II) 
Br^/CCl^ 
R - CH - CH - R' 
I I Br Br 
( IVa ,b ) 
Alcoholic KOH 
For I,V R = H 
For II,VI R = CH3(CH2)^ 
R - C = C - R' 
(V, VI) R' = (CFl2)8C00H 
R' = (CH2)y-C00H 
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Esterification of I, V and VI with MeOH/H"*" produced 
corresponding methyl esters III, VII and VIII. 
Elemental analysis of VII corresponded to molecular 
formula "-12^20^2* ^^ spectrum showed bands at 3270 s (C-H 
stretching), 2110 w cm""^  (C=C stretching). The NMR spectrum 
gave signals at 8 1.98-2.40 (4H, overlapping signals -C^C-CH^, 
CH2-C00CH3),1.80 t (IH, HC=C; J=2 Hz). 
Elemental analysis of VIII gave molecular formula 
^19^34*^2* ^^ showed weak absorption bands at 2260-2100 cm"^ 
(C=C stretching). NMR gave broad multiplet at § 2.1-2.6 for 
six protons (CH2C=C-CH2, CH^-COOCHg). 
Synthesis of 9-Undecynoic Acid (jt) 
p q 
The method of Ames and Bowman involving dehydrobromi-
nation of dibromo derivative of 10-undecenoic acid (I ) by heating 
at 180C with aqueous potassium hydroxide was followed for the 
synthesis of 9-undecynoic acid (X). Chromatographic separation 
of the reaction mixture gave X along with IX in minor amount 
(Scheme-2). 
Esterif ication of X with MeOH/H"^ afforded XI. The 
microanalysis of XI revealed the molecular formula ^12^20^2* 
The IR spectrum of methyl ester showed characteristic bands at 
2210 w (C=G stretching) and 1740 cm"^ (0=0 stretching). NMR 
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spectrum gave signals at § 2.0-2.5 (4H, overlapping signals 
and-CH2-C00CH3), 1.74 t (3H, CH3-CSC; J=2 Hz). 
Scheme-2 
R - CH I Br 
R - CH = C = CH 
(IX) 
- CH - CH^ - R' I 2 
Br 
(IV) 
Aq. KOH 
180C 
R' + R - CH^ - C = C - R' 
(X) 
R = H; R' = (CH2)7-C00H 
12-Hvdroxv-cis-9-octadecenoic (XII; ricinoleic) acid 
24 was isol&ted from the seed oil of Ricinus communis and 
9-hydroxy-cis-"12~octadecenoic (XIII; isoricinoleic) acid was 
25 
obtained from seed oil of Wriqhtia tinctoria following the 
Gunstone's^^ partition method. The pure p- and y-hydroxy 
alkenoic acids were converted to their methyl esters XIV, XV by 
usual method. 
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Synthesis of 12--Acetoxy-cis~9-octadecenoic (XVI) and 9-Acetoxy~ 
cis-12-octadecenoic (XVII) Acids 
12-Acetoxy-c_is-9~octadecenoic (XVI) and 9-Acetoxv-cis~ 
12-octadecenoic (XVIl) acids were obtained by acetolysis of 
12--hvdroxy--cis-9-octadecenoic (XII) and 9-hydroxy-cis--12-octadece-
noic (XIII) acids v/ith pyridine and acetic anhydride for 24 hr at 
27 
room temperature . Elemental analysis of XVI and XVII gave mole-
cular formula ^^20^36^4° ^^ ^ spectrum gave absorption bands at 1740 
(OCOCH3), 1710 (COOH), 1640 (HC=CH), 1240 cm"^ (acetate)» NMR 
spectrum showed signals at 5 5,35 m (2H, HC=CH), 4.8 m(lH,CH0C0CH3), 
2.1 br,s (3H,-OCOCH3). 
Synthesis of 9.12-Dilceto-trans-lO-octadecenoic Acid (XVIII) 
9,12-Diketo-trans-lO-octadecenoic acid (XVIII) obtained 
28 
by vigorous oxidation of castor acids • Compound (XVIII) 
analysed for IR showed characteristic bands at 3425 
(COOH), 1710 (COOH), 1680 (COCH=CHCO) , 1645 (HC=CH) and 980 cm""^  
(trans-unsaturation). M.IR spectrum of the compound displayed two 
significant signals at S 6.82 s (2H, CH=CH) and 2.8 m (6H,3XCH2-CO). 
Esterification with MeOH/H"*" gave XIX. 
Chapter 4(b) 
Nitration of Olefinic and Acetylenic Fatty Esters 
2 
Shin et carried out the nitration of 
a,j3-unsaturated olefins by using fuming nitric acid and reported 
the formation of nitroolefin and nitrohydroxy compounds. IVe have 
made an attempt to carry out the nitration of unsaturated fatty 
acid esters under conditions follov^ing the procedure of Blau 
29 et al. 
Nitration of Methyl 10-undecenoate (III) 
Methyl 10-undecenoate (III) on nitration with fuming 
nitric acid furnished an oily product, which on column chromato-
graphy gave three TLC homogeneous products XX, XXI and XXII 
(Scheme-3). 
Characterization of Product (XX) 
The compound (XX) analysed for nitro 
group showed a strong IR absorption at 1560 cm~^ and a somewhat 
weaker absorption at 1360 cm"^. Vinylic group in IR appeared at 
1640 cm"^. NMR spectral analysis showed two significant absorp-
tions at S 4.1 d (IH, HC=CH; J= 3 Hz) and S 6.8 m (IH, CH=CH), 
NO2 NO2 
besides other usual signals associated with long chain methyl 
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ester. If NO^ addition is reversed then the signal at S 4.1 
would have shown an integration for two protons. These data 
confirmed the structure as methyl 11-nitro-lO-undecenoate (XX) 
Scheme-3 
H^C = CH - (CH2)g - COOCH3 
(III) 
Fuming HNO^ 
CHgCOOH/NaNO^ 
HC = CH - (CH2)g - COOCH3 + H2C = C - (CH2)g - COOCH3 
NO2 NO2 
(XX) (XXI) 
H^C > CH(CH2)3 - COOCH3 > ^ ^^ " ' 
OH NO2 0 NOg 
(XXII) (XXIV) 
Mass spectrum further confirmed this structure. It gave 
no molecular ion peak at m/z 243 (^12^21^4^^* Fragment ions 
at m/z 184 and 59 originated from cleavage of nitro olefinic 
function, confirmed the position of nitro group at Cj^ j^ . Other 
prominent fragment ions are shown below in Scheme-4. 
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Scheme-4 
HC -
I " NO, 
CH CH. (CH^)^ COOCH, 
59 ^ 184 
72 171 i/\ 184 59 
86 157 
Mt 243 (absent) 
Characterization of Product (XXI) 
Elemental analysis of XXI corresponded to molecular 
formula IR spectrum illustrated same absorption 
bands for nitro and unsaturation as observed in XX. The NMR 
spectrum afforded a structure-revealing singlet integrating 
for two terminal olefinic protons at S 5.2, and these data were 
in favour of structure XXI as methyl lO-nitro-lO-undecenoate. 
Its MS gave additional support for the structure with 
a molecular ion peak at m/z 243. Mass ions m/z 171 and 72 
arised by a-cleavage of nitro group assigned the position of 
nitro group at C^ q^. Other important fragments are given in 
Scheme-5. 
Scheme-5 
HjC c -
I 
NO, 
CH, (CH^)^ COOCH. 
72*^171 86 ' ^ 1 5 7 184 59 
Mt 243. 
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Characterization of Major Product (XXIl) 
The compound (XXII) obtained as a white solid (m.p.53C) 
analysed correctly for ^^ spectrum showed absorp-
tion for nitro function at 1560 and 1380 cm"^, and a broad band 
at 3450 cm"^ for hydroxy group. Its NMR spectrum, in addition 
to usual fatty ester signals displayed a multiplet at S 3.6 for 
Cj^ j^  methylene proton a to hydroxy group and §4.1 for Cj^q methine 
proton alpha to nitro group. A D^O exchangeable broad singlet at 
§2.6 was observed for hydroxyl proton. These data established 
the structure of XXII as methyl ll-hydroxy-lO-nitroundecanoate. 
The mass spectrum of XXII further confirmed its struc-
ture. It showed a small molecular ion peak at m/z 261. Mass ions 
m/z 230 and 31 1 ocated nitro and hydroxy functions at C^ q^ and Cj^ j^  
respectively (Scheme-6). Fragment ion m/z 31, which located 
hydroxy group at terminal position, can also arise by the loss of 
methoxy group from methyl ester. Generally the ion m/z 31 by the 
loss of methoxy group from long chain methyl ester was not 
observed. If it was present even then its abundance should be 
very low. In this case the appearance of m/z 31 of moderate 
intensity supported its origin from terminal hydroxy side 
(CH^ = OH). 
Nitration of olefins is an electrophilic substitution 
reaction and the nitronium ion is the nitrating species. 
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Scheme-6 
m/z 183 m/z 212 
-CH3OH 
CH^ CH-(CH2)q-C00CH3 ^ 
I H m/z 215 
•^ OH 
m/z 31 
-CH3OH 
CH^ CH-(CH2)g-C00CH3 
m/z 244 
CH^ €H-.(CH2)3-C00CH3 
m/z 214 
+ ./ 
0' 
H2C - CH - (CH2)g - COOCH3, 
OH NO^ . 
^ MT 261 
H^C - CH 
OH ^m^ 
m/z 90 
-HNO2 
m/z 43 
CH-(CH2)q-C00CH3 
+ NO. 
(CH2),C-0CH3 
H^C 0^ 
m/z 171 
-CH3OH 
m/z 230 
-NO2 
m/z 184 
m/z 139 
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2HNO3 H2O-NO2+NO3 ^ NO2 + HgO 
The nitronium ion (NO^) is the electrophilic species 
that actually reacts with n electrons to form a carbonium ion 
which finally reacts with water to give nitrohydrin. The loss 
of water from nitrohydrin (XXII) finally yielded nitroolefin 
(XXI). Isolation of isomeric nitroolefin (XX) in small quantity 
supported the formation of other isomer i.e. the methyl 11-nitro-
10-hydroxyundecanoate (XXIII) which could not be detected probably 
due to small quantity. The formation of nitroolefins may be 
rationalized as under : 
CH^ = CH - (CH2)g.- COOCH3 
(III) 
Fuming HNO3 
CH3C00H/NaN02 
"2? - - (CH2)3-C00CH3 
OH NO, 
(XXII) 
-HgO 
CH2 - CH - (CH2)gC00CH3 
NO2 OH 
(XXIII) 
-H^O 
H^C = C - (CH2)3-C00CH3 
N0„ 
HC = CH - (CH2)gC00CH3 
NO^ 
(XXI) (XX) 
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The nitrohydrin (XXII) on Jones' oxidation gave 
a-nitroaldehyde (XXIV) with characteristic IR bands at 2810 
(CHO) and 1560, 1340 cm~^ (NO^). 
Nitration of acetylenic fatty acid esters has received 
very little attention. Three acetylenic fatty acid esters having 
terminal, penultimate and internal acetylenic unsaturation, were 
nitrated with fuming nitric acid under the similar reaction 
conditions as described earlier. 
Nitration of Methyl lO-undecynoate (VII) 
The TLC examination of the nitration product of the 
terminal acetylenic ester (VII) showed the formation d'f a major 
product along v^ ith some minor products. Column chromatographic 
purification yielded a TLC pure product (XXV) methyl 11-nitro-
10-ketoundecanoate, as a major product (Scheme-7). 
Scheme-7 
HC = C - (CH2)3 - COOCH3 
(VII) 
Fuming HNO^ 
CH^COOH/NaNO^ 
HgC - C - (CH2)q - COOCH3 
NO2 0 
(XXV) 
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Elemental analysis of the compound (XXV) corresponded 
to formula ^^ spectrum showed characteristic 
absorption bands at 1560 and 1360 cm"^ (NO2), 1740 (COOCH^) and 
1705 cm~^ (CO). Its NMR spectrum exhibited two structure-speci-
fic signals at S 4,3 br, singlet integrating for two i^n-
methylene) protons alpha to nitro function and other as a multi-
plet at S 2.1-2.3 for four protons a to C^q and C^ ^ carbonyl 
groups. In the light of these data compound (XXV) was formulated 
as methyl 11-nitro-lO-ketoundecanoate, Mass spectrum of XXV was 
deprived of molecular ion peak at m/z 259. However, an intense 
peak due to the loss of nitro group from the molecule was recorded 
confirming the presence of nitro group in the molecule^other 
significant peaks assigned to the functionalities were observed at 
m/z 171 and 88 originated by the cleavage of C^-Cj^q. Character-
istic mass fragments arising from a-cleavage of nitro and keto 
group were at m/z 60 and 199, confirmed the location of these 
groups at Cj^^^  and C^q respectively. Presence of keto group at C^ q^ 
was further confirmed by the McLafferty rearrangement ion m/z 103 
(Scheme-8). 
Out of two possible isomers (XXV and XXVI) only one 
isomer (XXV) was obtained. The competitive rate of formation of 
only XXV is according to the Markownikoff's rule. The complete 
nonformation of the XXVI can not be ruled out. It is however 
just possible that other isomer could have been formed in very 
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Scheme-8 
m/z 143 
-CH. 
CH„-0=C0CH^ 
/ ' 
(CH^jg 
m/z 157 
H^C - C 111+ NO 0+ 
m/z 88 
m/z 181 
-CH^OH 
2 3 
0 
m/z 213 
tOH 
^ H^C - C = CH2 
m/z 103 
H^C - C - (CH2)8 - COOCHJI-
H 2 r 
m/z 60 
NO2 0 
M"^ . 259( absent) 
H^C 0 
(CH2)7-C0CH3 
m/z 171 
-CH3OH 
C - (CH^Jg- COOCH3 
0^ 
m/z 199 
-CH3OH 
m/z 139 m/z 167 
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small quantity which escaped detection. However, the present 
evidences suggested the reaction to be basically regioselective. 
The formation of nitroketone may be rationalized as under: 
HC=C - (CH2)g - COOCH^ 
Fuming HNO^ 
CH^COOH/NaNO^ 
yf "i 
HC = C - (CH2)g - COOCH, 
NO^ OH 
H^C - C 
21 II NO 0 
(CH2)3 - COOCH3 
(XXV) 
HC = C - (CHo)Q - COOCH, I I z o V 
OH NOg 
HC - CH - (CH2)q - COOCH3 
II 0 NO, 
(XXVI) 
Nitration of Methyl 9-undecynoate (XI) 
Methyl 9-undecynoate on similar nitration gave a yellow 
reaction product , which on column chromatographic purification 
yielded only one TLC homogeneous product (XXVII) (Scheme-9). 
The product (XXVII) exhibited the elemental composition 
corresponded to the formula ^^ spectrum showed 
absorption bands at 1740 (COOCH3), 1710 (CO), 1550 and 1370 cm"^ 
(NO2). The compound displayed structure specific signals in the 
NMR spectrum. A multiplet appeared at S 1.21 for terminal methyl 
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protons partially merged with chain methylene protons signal 
and a broad multiplet at 8 2,3-2.4 for four protons a to C^ and 
Cj^  carbonyl. A multiplet at S 4.8 was also observed for -C^NO^. 
On the basis of above data the product (XXVII) was formulated as 
methyl lO-nitro-9-ketoundecanoate. 
Scheme-9 
CH3 ~ C=C - (^2)7 - COOCH3 
(XI) 
Fuming HNO^ 
CH3C00H/NaN02 
CH, - CH - C - (CH^)„ - COOCHo O I 11 A I o I II NO^ 0 •^2 
(XXVII) 
Mass spectrum of the compound (XXVII) gave no mole-
cular ion peak at m/z 259. Diagnostic a-cleavage arising from 
keto group were at m/z 185 and 102. Presence of keto group at 
Cg was further confirmed by McLafferty rearrangement ion at 
m/z 117. Mass ions at m/z 74 (principal ion) and 244 confirmed 
the position of NO^ group at C^ ^^  (Scheme-lO). 
The formation of other isomeric ketonitro derivative, 
methyl lO-keto-9-nitroundecanoate can not ruled out, though we 
could not detect this isomer. 
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Scheme-10 
tOH 
I 
CH3 - CH - C =t CH^ 
NO2 
m/z 117 
CH3-CH ^ C ^ 
NO2 
m/z 102 
m/z 153 
-CH^OH 
+ 
C-(CH2)-7-C00CH3/N02-CH--C=0 ' 
\ \ 
' CH^ CH - C - - COOCH„ 
J I II ^ ! o 
NO2 0 
ut 259 (absent) 
-m/z 185 
+ 
™ 3 - and 
m/z 74 
or 
tOH ^ 
CH2=C-0CH3 
-> CH - C - (CH^)^ - COOCH, 
II II Z I V 
^N02 0 
m/z 244 
-NO. 
CH^-0=C0CH^ j J 
(CH^), 
m/z 198 
-CH3OH 
m/z 157 m/z 166 
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Nitration of Methyl 9~octadecvnoate (VIII) 
In case of internal acetylene (VIII) a higher concent-
ration of fuming nitric acid was used to see the oxidative 
effects on increasing the concentration of nitric acid on the 
product formation. TLC examination of the final reaction 
mixture revealed, three distinct spots, the individual products 
were separated by silica gel column (Scheme-ll). 
Scheme-11 
CH3 - (CH^)^ - C=C - - COOCH3 
(VIII) 
Fuming HNO^ 
CH3C00H/NaN02 
V 
CH3 - (CH^)^ - C . C - (CH^)^ - COOCH3 
0 , 0 
(XXVIII) 
+ 
HOOC - (CH^)^ - COOCH3 
(XXIX) 
CH3 - (CH^)^ - C - CH - (CH^)^ - COOCH3 
0 NO2 
and/or 
CH3 - (CH2)7 - CH - C - (^2)7 - COOCH3 
NO2 0 
(XXV) 
: 74 : 
Characterization of Product (XXVIII) 
Product (XXVIII, m.p.54C) responded to DNP test on 
TLC. Its IR spectrum showed a strong band at 1735 for ester 
carbonyl and 1705 for free carbonyl group. Its NMR spectrum 
showed a multiplet at 2.6 for four methylene protons a to free 
carbonyl groups and a triplet at S 2.2 ascribable to the protons 
a to ester carbonyl. On the basis of IR and NMR data the product 
(XXVIII) was characterized as methyl 9,10-diketooctadecanoate. 
Its structure was further confirmed by the mass spectrum. Mole-
cular ion peak at"m/z 326 was consistent with molecular weight. 
Characteristic a-cleavage of two free carbonyl functions provided 
four mass ions at m/z 141, 213, 185 and 169. Two diagnostic 
McLafferty rearrangement ions at m/z 184 and 228 located the two 
keto functions at C^ and Cj^q (Scheme-12). 
Characterization of Product (XXIX) 
The compound (XXIX) gave satisfactory elemental 
analysis for ^^ spectrum displayed characteristic 
absorptions at 3400 br (COOH), 1740 for ester carbonyl group 
and 1715 cm"^ for acid carbonyl. The NMR spectrum also supported 
the structure of XXIX as half ester of azelaic acid by exhibiting 
the significant D2O exchangeable broad singlet at 8 12.0 for one 
acid proton, a singlet at S 3.6 for ester carbonyl protons and a 
multiplet at 2.3 for four protons a to ester and caxboxylic 
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Scheme-12 
tou 
0 
m/z 184 
(J - ^-(CH2)7-C00CH3^ 
0 
m/z 213 
tOH 
^ CH2=C-C-(CH2)7-C00CH3 
0 
m/z 228 
0 0, 
m/z 169 
CH^ - (CH^)^ 
m/z 141 
CH3-(CH2)7 
m/z 113 
C - C - (^2)7 - COOCH, 
0 0 
Mt 326 
^ C-(CH2)7-C00CH3 
0 
m/z 185 
CH — 
I 2 II 
(CH2)g,-C-0CH3 
m/z 157 
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functions. The MS (M+1, 203) of the compound (XXIX)revealed its 
composition as indicated by elemental analysis. Fragment ions 
at m/z 45, 59, 73, 143 etc. further confirmed its structure 
(Scheme-13). 
HOOC CH. 
Scheme-13 
(CH2), CH. 
i 
COOCH, 
45 157 59 143 129 73 143 59 
M+1 203. 
Characterization of Product (XXX) 
The elemental analysis of compound (XXX) corresponded 
to formula Its IR spectrum displayed absorption bands 
at 1735 (CpOCH^), 1715 (CO), 1550, 1370 (NO^). The NMR 
spectrum further indicated the structure as methyl 9(10 )-nitro-
10( 9)-ketooctadecanoate (XXX) by displaying a multiplet at 
5' 4.5 for a methine proton alpha to nitro group and a broad signal 
at § 2.0-2.2 (4H,-CH„-C00CH_,-C^-C-CH). Mass spectrum of XXX, 
Z O ^ II I 
0 NO2 
M^ 357 , distinguished the two isomers more effect-
ively by showing the a-cleavage ions for both isomers. These ions 
were observed at m/z 141, 172, 185 and 216. McLafferty rearrange-
ment ions at m/z 215 and 259 further supported the isomeric 
nature of keto functions (Scheme-14). 
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Scheme-14 
tOH 
CH^ - (CH^)^ - CH - C = CH 
I NO. 
m/z 215 
CH 3 - CCH^)^ - CH<-
"NO, 
m/z 172 
/N 
m/z 212 
-CH^OH 
CH - C - iCH^)^ - COOCH3 
m/z 244 
0=C - (CH^)^ - COOCH3 
m/z 185 
CH3 - (CH^)^ - CH - C - (CH^)^ - COOCH, 
NO2 0 
Mt 357 
CH3 - (CH^)^ - C - CH - (CH2)7 - COOCH, 
CH3.(CH2)7-C - C H ^ 
0 "^ N02 
m/z 200 
CH3-(CH2)7-C = 0+ <-
m/z 141 
NO, 
CH-(CH2)7-C00CH3 
'NO, 
m/z 216 
J ^ " -> (CH2)^~C-0CH3 
CH,,=C - CH-(CH„)„-C00CH„ z \ I z / 
Toh NO2 
m/z 259 
m/z 157 
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When nitration of acetylenic fatty esters were carried 
out by using a low concentration of fuming nitric acid mostly 
nitrogenous products a~ketonitro derivatives were obtained as in 
case of terminal and penultimate acetylenes. When concentration 
of nitric acid increased, as in case of internal acetylene, then 
in addition to nitrogenous products, further oxidation occurs 
and cleavage products were also obtained. 
Chapter 4(c) 
Nitration of Hydroxy Olefinic Fatty Esters 
17 
Nitration of ricinoleic acid was earlier studied 
under the conditions, using concentrated nitric acid and longer 
reaction time, which favoured cleavage of primary products and 
gave mostly mono- and dicarboxylic acids. We were interested to 
study the nitration under the conditions in which nitrogen-
containing primary products could be obtained. Keeping this in 
view methyl ricinoleate (XIV) and methyl isoricinoleate (XV) 
were nitrated with fuming nitric acid. 
Nitration of Methyl 12-hydroxv-cis-9-octadecenoate (XIV) 
Methyl 12-hydroxy-cis-9-octadecenoate (XIV) when 
nitrated with fuming nitric acid yielded an oily crude product, 
chromatographic separation of the crude product afforded two 
major and two minor products (Scheme-15). 
Characterization of Product (XXXI) 
• Elemental analysis of compound (XXXI) corresponded to 
the formula ^19^3407^2* ^^ spectrum afforded two sets of bands, 
one for NO2 at 1550, 1370 cm""^  and another for nitrate function 
at 1630, 1270, 850 and 740 cm~^ along with a b o r ester 
carbonyl (1740 cm"^) and unsaturation (1640 cm""^ ). The 
: 78 : 
spectrum, was found more helpful in arriving at its structure. 
It showed a multiplet at S 4.4 for the methine proton alpha to' 
nitrate group and another multiplet at 4.6 for vinylic proton. 
A multiplet at §"2.1 established the C^ j^^  methylene protons sand-
witched between nitrate and olefinic nitro groups. On the basis 
of these data the product XXXI was characterized as methyl 
12-nitrate 9(10)-nitro-9-octadecenoate. Formation of XXXI may 
be explained by the electrophilic substitution mechanism as 
described earlier. 
Scheme-15 
CH3 - (CH^)^ - HC - CH^ - HC = CH - (CH^)^ - COOCH^ 
OH 
(XIV) 
Fuming HNO^ 
CH^COOH/NaNOg 
H 
CH3 - (CH^)^ - CH - CH^ - C ^ C - (CH^)^ - COOCH3 
NO2 
(XXXI) 
+ 
HOOC - (CH2)7 - COOCH3 
(XXXII) 
+ 
: 79 : 
CH3 - ( C H 2 ) 5 - CH - CHg - CH - CH - ( C H g ) ^ - COOCH^ 
ONO2 NO^ OH 
(XXXIII) 
+ 
CH3 - (^2)5 - CH - CH^ - CH - CH - (CH2)-7 - COOCH3 
ONO2 OH NO2 
(XXXIV) 
Characterization of Product (XXXII) 
Compound (XXXII) analysed for ^^ spectrum 
displayed a broad band at 3400 (COOH) and two bands in carbonyl 
region at 1740 (COOCH^) and 1710 cm~^ (COOH). The NMR spectrum 
supported the structure (XXXII) by exhibiting a singlet at S 3.6 
for three ester protons, 2.3 m (4H,-CH2-C00CH2,-C^-C00H) and a 
D^O exchangeable broad singlet at 12.0 for an acid proton. On 
the basis of elemental and spectral analyses the product (XXXIl) 
was formulated as half ester of azelaic acid. MS (M"+l, 203) 
fully supported the structure. Few significant peaks were 
observed at m/z 157, 143, 129, 59, 45 showing the presence of Cg 
carbon chain skelton. Fragment ions at m/z 60, 74 were due to 
McLafferty rearrangement of acid and ester carbonyl and there-
fore, confirmed the presence of carboxylic and ester groupings 
(Scheme^l6). 
Scheme-16 
tOH 
HO - C = CH, 
m/z 60 
HOOC-CCH^) 7 - 0 = 0"^  
m/z 171 
HO - C 
+ 
m/z 45 
HOOC — (CH^)^ -
iVfrl 203 
2 
m/z 143 
CH^- O^ 
TOH 
CH2 = c - 0CH3 
m/z 74 
^O-CH^ 
m/z 129 
C - OCH^ 111 3 
m/z 59 
COOCH^^ 
^ (CH2)6-C-.0CH3 
m/z 157 
S/ 
0^  
CH^ - C - OCH3 
m/z 73 
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Characterization of ProductsCXXXIII and XXXIV) 
Products (XXXIII and XXXIV) were obtained as separable 
isomers of elemental composition Their IR spectra 
displayed absorption bands at 3425 (OH), 1740 (COOCH^),.1620, 
1250, 845 and 710 (ONO^), 1560, 1340 cm""^  (NO^). The NMR spectra 
were more informative about their structures. Each spectrum 
showed a D^O exchangeable signal at S 6.1 for hydroxyl proton 
and a broad multiplet at 4,2-4.5 for three methine protons, one 
each alpha to the hydroxy, nitrate and nitro functionalities. On 
the basis of elemental and spectral data the XXXIII and XXXIV 
were characterized as methyl 12-nitrate-10~nitro-9-hydroxyocta-
decanoate and methyl 12-nitrate-10-hydroxy-9-nitrooctadecanoate 
respectively. 
MS of XXXIII and XXXIV established the two isomers 
more effectively. The a-cleavage ions due to functional groups 
for both the isomers were observed at m/z 263, 187, 160, 335, 
246, 233 (XXXIII), 263, 216, 246 and 204 (XXXIV). These frag-
ments along with other important fragments were depicted in 
Schemes 17 and 18. 
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Scheme-17 
CH3-(CH2)5-CH ^ 
0 + 
m/z 114 
CH3-(CH2)5-CH 
^ONO^ 
m/z 160 
CH-CH2-CH ~ CH-(CH2)y-C00CH3 
NO^ OH 
m/z 289 
^CH-CH_-CH - CH-(CH^)„-COOCH^ 
II ^ I I Z / o 
_^0N02 NO2 OH 
m/z 335 
CHo - (CH^)^ CH - CH^ - CH - CH - (CH^)^ - COOCHp* 
ONOg fJ02 OH 
Mt 420 
CH^-(CH^).-CH - CH^-CH -3 ^ 2'5 I 2 II 
^NO^ ONO. 
m/z 233 
CH3-(CH2)5-CH - CH2-CH - CH 
ONO^ NO2 ^OH 
m/z 263 
^ CH - CH-(CH2)y~C00CH3 
_^ N02 OH 
m/z 246 
II ' 2 W 3 
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Products XXXIII and XXXIV were formed due to the 
simple addition of HONO^ across the double bond and the simulta-
neous esterification of hydroxy group to the nitrate ester. 
Nitration of Methyl 9-hydroxy-cis-12--octadecenoate (XV) 
Nitration of methyl 9-hydroxy-cis-12~octadecenoate 
(XV) under the identical reaction conditions yielded an oily 
mass. Examination of final reaction mixture by TLC showed five 
distinct spots. Fractionation yielded two major and three minor 
TLC homogeneous products (Scheme-19). 
Scheme-19 
CH3 - (^2)4 - CH = CH - iCH^)^ - CH - (CH^)^ - COOCH3 
OH 
(XV) 
Fuming HNO^ 
CH3C00H/NaN02 
CH3 - (CH^)^ - CH CH (CH2)2 - CH - (CH^)^ - COOCH3 
ONO2/NO2 NO2/ONO2 ONO2 
(XXXV) 
+ 
CH3 - (CH2)4 - CH (fH (CH2)2 - (fH - (CH2)^ - COOCH3 
OH/NO2 NO2/OH ONO2 
(XXXVI) 
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HO - C - - "" " 
ONO^ 
(XXXVII) 
HC - (CH^)^ - CH - (CH^)^ - COOH 
OH 
(XXXVIII) 
+ 
0 = 0 - ^ ^ C H - (CH2)7-C00CH3 
(xxnx) 
Characterization of Product (XXXV) 
Elemental analysis corresponded to formula 
The compound (XXXV) had the characteristic IR bands at 1625,1250, 
840 and 705 cm"^ for nitrate group and at 1550 and 1330 cm""^  for 
NOg grouping. The NMR spectrum gave conclusive support in favour 
of product (XXXV). The spectrum exhibited a multiplet at S 4.4 
integrating .fdr two methine protons alpha to two nitrate groups 
(Cg, ^12/13^' Another multiplet at S 4.5 was assigned to a 
methine proton a to nitro group ('^ 12/13^ * basis of micro 
and spectral analyses the compound (XXXV) was assigned as an 
isomeric mixture of methyl 9,13(12)-dinitrate-12(l3)~nitroocta--
decanoate. 
: 83 : 
The MS further supported the proposed structure. It 
showed nonexistence of molecular ion peak at m/z 465 and furni-
shed diagnostic fragments emerging from a-cleavage of the two 
postional isomers at m/z 394,205,146,335,130,319 (Scheme-20). 
Characterization of Product (XXXVI) 
Elemental analysis of the pure TLC homogeneous product 
corresponded to formula ^19^35^3^2* ^^ spectrum displayed a 
broad band at 3420 (OH) along with the bands of nitro and nitrate 
functions. Its NMR spectrum showed a multiplet at 8 4.1 for a 
methine proton a to hydroxy group, and a broad signal at S 5.2 
(D^O exchangeable) for hydroxylproton. Two multiplets were 
observed at S" 4.5 and 4.3 each for methine proton alpha to nitrate 
and nitro groups respectively. On the basis of above data 
compound (XXXVI) was characterized as an isomeric mixture of 
methyl 9-nitrate~12(13)-nitro-13(12)-hydroxyoctadecanoate. 
Characterization of Product (XXXVIl) 
The identity of the product (XXXVII, m.p.79C) as 
9-nitratedodecadioic acid was established by its elemental 
composition ' ^^ spectrum gave significant 
absorption bands at 3400 br (COOT), 1710 (COOH) and 1620, 1250, 
845, 710 cm"^ (ONO2). The NMR spectrum gave conclusive support 
in favour of product (XXXVII). It gave signals at S 12.0 br,m 
(2H, 2xC00H, disappeared on D^O shake), 2.3 m (4H, prtons a to 
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Scheme-20 
ONO2 NOg 
m/z 205 
CH3-(CH2)4-CH 
^ONO^ 
m/z 146 
CH-(CH^)2-CH-(CH^)7-COOCH3 
ONO. 
m/z 319 
•>CH - CH-(CH2)p-CH-(CH2)^-C00CH3 
^OnO^ NO2 " ONO^ 
m/z 394 
CH3 - (CH2)4 - CH - CH - iOH^)^ - CH - (CH^)^ 
ONO^ rio2 ONO^ 
Mt 465 (absent) 
—,+ COOCH31 * 
CH, - (^2)4 - CH - CH - (CH2)2 - CH - (CH2)7 - COOCH3 
NO2 ONO2 
CH3-.(CH2)4-CH 
m/z 130 
^N02 
CH-(CH2)7-C00CH3<-
ONO. 4-
m/z 232 
ONO, 
CH-(CH2)2-CH-(CH2)7-C00CH3 
ONO. ^0N02 2 
m/z 335 
^ CH-(CH2)2-CH-(CH2)7-C00CH3 
.0 0 
m/z 243 
: 84 : 
acid carbonyls) and a multiplet at 4.6 for one methineproton a 
to nitrate group. 
The structure of XXXVII was further substantiated by 
its mass spectrum. It gave molecular ion peak at m/z 291 
a-Cleavage of nitrate group provided two mass ions 
m/z 218 and 148 which established the position of nitrate 
function at C^ (Scheme~2l). 
Characterization of Product (XXXVIII) 
The elemental analysis of product (XXXVIII, m.p.SlC) 
corresponded to ^12^22^4* characteristic IR bands at 3400 br 
(COOH, OH), 2830 (CHO) and 1710 cm"^ (COOH), assigned the product 
(XXXVIII) as ll-aldehydo-9--hydroxyundecanoic acid. Mass spectrum 
was quite consistent with the structure (XXXVIII) and showed 
molecular ion peak at m/z 230. Fragment ions at m/z 87 and 173 
originated from a-cleavage of OH group assigned the position of 
hydroxy group at C^ (Scheme-22). 
Characterization of Product (XXXIX) 
The compound (XXXIX) gave satisfactory elemental 
analysis for ^^ spectrum displayed characteristic 
absorption bands at 1760 (y-lactone carbonyl) and 1740 cm"^ 
(CgOCH^). Additional bands at 1170, 1090 and 1070 cm"^ attribu-t-
able to carbon oxygen stretching. Its NMR spectrum supported the 
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iCH^)^ - C - OH 
CH 2 
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^OH 
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structure as methyl 8(5•,Y-butyrolactone)octanoate. The NMR 
spectrum exhibited the significant signals at ^ 4.5 m (IH, 
0=C CH), 2.3 m (4H,-Cji^-COOCH., 0=C^ ^ CH) and 1.3 br,s 
(chain-CH^-). 
The structure of XXXIX was further supported by its 
mass spectrum (Mt 242). Prominent fragment ion at m/z 85 
confirmed the formation of y-lactone. Some structure-revealing 
mass ions are given in Scheme~23. 
Products XXXVII and XXXVIII are the cleaved products. 
Out of these the aldehydic product (XXXVIII) was the primary 
cleavage product, which on further oxidation was converted to 
9-hydroxydodecadioic acid. Hydroxy group of this dicarboxylic 
acid on further reaction with nitrating mixture converted to 
nitrate ester, thus the product XXXVII obtained. Presence of 
Y-hydroxy group in the dicarboxylic acid facilitates^dehydration 
which probably afforded y-lactone (XXXIX). 
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-V CH^ CH 
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CH^ CH -
CH. 0 
II 
0 
(CH^), 
Mt 242 
- COOCH, 
CH^ - CH 
V 11 0 
m/z 85 
CH„ - CHv I 
CH^ - C ^ 
m/z 69 
CH = 
CH^ 0 
0 
m/z 84 
+ . 
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Chapter 4(d) 
Nitration of Acetoxy Olefinic Fatty Acids 
Double bond reactions of fJ- and y-hydroxy olefinic 
systems, some times gave unusual reaction products due to the 
neighbouring group participation of hydroxy groups. Participa-
tion of Y-i^ yd^ roxy group in such systems is more pronounced than 
p-hydroxy group. However in p-hydroxy olefins the neighbouring 
group participation can occur if the double bond is trans. In 
the previous discussion the nitration of long chain and y-
hydroxy olefinic acids was studied. In the present work the 
nitration of p- and y-acetoxy derivative of P- and y-hydroxy 
acids was carried out to observe the effect of bulky group on 
the product distribution and to check the possible participation 
of hydroxy group with double bond. 
Nitration of 12-Acetoxy-£is-9~octadecenoic Acid (XVI) 
12-Acetoxy~£is-9-octadecenoic acid (XVI) when nitrated 
with fuming nitric acid yielded two liquid (XL, XLI) and one 
solid products (XLII) (Scheme-24). 
Characterization of Product (XL) 
The compound (XL) gave satisfactory microanalysis for 
C q^H^^O^N. The IR spectrum displayed characteristic absorption 
; 87 : 
bands at 1740 (OCOCH3), 1720 (COOH), 1640 (HC=CH), 1560, 1370 
(NO^) and 1240 cm""^  (acetate). Its NMR spectrum, in addition 
to usual signals, displayed two multiplets at S 5.5 for vinylic 
proton and 4.7 for a methine proton alpha to the acetoxy group-
ing respectively. Three acetoxy protons appeared in a singlet 
at S 1.95. On the basis of these data the compound (XL) was 
characterized as an isomeric mixture of 12-acetoxy 9(10)~nitro-
9-octadecenoic acid. 
Scheme-24 
CH3 - (CH^)^ - CH - CH2 - CH = CH - (CH^)^ - COOH 
OAc 
(XVI) 
Fuming HNO^ 
CH3C00H/NaN02 
NK H 
CH3 - (CH2)5 - CH - CH^ - C - - C - iCH^)^ - COOH 
NO2 OAc 
(XL) 
+ 
CH3 - (CH2)5 - CH - CH2 - CH - CH - (CH2)7 - COOH 
OH OH/NO2 NO2/OH 
(XLI) 
HOOC - {Cti^ )^  - COOH 
(XLII) 
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MS of XL showed no molecular ion peak at m/z 385 but 
distinguished the two isomers more effectively by showing the 
a-cleavage ions for both isomers. These ions observed at m/z 229^  
201 revealed the position of nitro group both at C^ and C^ q^ 
(Scheme-25). 
Characterization of Product (XLI) 
The compound (XLI) was analysed for 
characterized as 12,10(9)-dihydroxy-9(10)-nitrooctadecanoic acid. 
IR spectrum exhibited absorption bands at 3425 br (COOH, OH), 
1560, 1360 cm~^ (NO^). Its NMR spectrum displayed a multiplet 
at S 3.9 for two methine protons alpha to hydroxy groups 
^9/10^' another multiplet at 4.5 for methine proton alpha to 
nitrofunction. Two D_0 exchangeable hydroxyl protons at 8 5.0 
confirmed the presence of two hydroxy groups. 
Molecular ion peak at m/z 361 was nonexistent in its 
mass spectrum. However few important ions at 325 (M-2H2O), 307 
(A^3H20), 279 (325~N02) and 278 (325-HNO2) were functionality 
revealing. Mass ions arising from both the isomers were observed^ 
m/z 169, 188, 218, 173, 232 and 202. Fragment ions at m/z 115 and 
276 showed the hydroxy group (Scheme-26). 
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CH3 - (CH^)^ - CH - CH2 -
I 
OAc 
m/z 256 
CH C - CH„ 
NO2 
CH3-(CH2)5-CH-CH2-CH=C ^ 
OAc 
m/z 242 m/z 201 
CH^ - (CH^), CH - CH^ 
OAc 
CH = C 
I 
(CH^)^ - COOH 
NO. 
mI" 385( absent) 
CHo - (CH^), CH - CH2 - C = CH - (CH2)7 
OAc NO2 
- coohI ^ 
CH3-(CH2)5-CH-CH2-C- ^ 
OAc NOo 4 ^ 
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-> C=CH~(CH2)7-C00H 
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Scheme-26 
CH - CH2 - CH CH - {QW^ )^ ^ - COOH 
,0H N0„ OH 
m/z 276 
CH3-(CH2)5-CH-CH2-CH 
OH 
m/z 1 8 8 
m/z 1 1 3 
CH3-(CH2)5-CH 
^OH 
ra/z 1 1 5 
CH - CH - (CH_)„-COOH 
ii I 2 7 
oh 
m/z 232 
C-(CH„)„-C00H 
III 2 7 
0 
m/z 171 
r~> CH-(CH^)„-COOH 11 2 I 
^OH 
m/z 173 
CH3 - (CH^)^ - CH - CH^ - CH - CH 
i 2 i i OH NO^ OH 
Ut 361 (absent) 
(CH2)y - COOH 
CH^ - (CH^)^ - CH - CH^ - CH - CH - (CH^)^ 
OH OH NO^ 
_ + COOH 
CH3-(CH2)5-CH-CH2-CH~.CH 
OH OH _^ N02 
m/z 2 1 8 
-^CH-(CH2)7-C00H 
> 2 
m/z 202 
CH3 - (CH^)^ - CH - CH^ - CH 
OH ^OH 
m/z 169 
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Characterization of Product (XLII) 
The elemental composition of compound (XLII) corres-
ponded to formula spectrum showed absorption bands 
at 3400 (COQH), 1720 cm~^ (COOH). Compound (XLII) was charac-
terized as azrlaic acid having m.p.l06C similar to the litera-
17 ture mp of azelaic acid. 
The preliminary nitration product of p-acetoxy olefinic 
acid (XVI) is expected to be a-hydroxynitro derivative in which 
the acetate group was hydrolysed in presence of acid to give 
product (XLI). Nitroolefih (XL) produced by the decomposition 
of a-hydroxynitro derivative (primary nitration product). 
Nitration of 9-Acetoxv-cis-12-octadecenoic Acid (XVII) 
9-Acetoxy-cis-12-octadecenoic acid on similar treat-
ment with fuming nitric acid as described earlier, finally 
yielded three products (Scheme-27). They were characterized by 
spectral data. 
Characterization of Product (XLIII) 
Elemental analysis of XLIII showed the presence of 
nitrogen and corresponded to formula ^^ spectrum 
exhibited characteristic bands at 1735 (OCOCH^), 1720 (COOH), 
1640 (HC=CHO, 1550, 1360 (NO^) and 1245 cm""^  (acetate). Its NMR 
: 90 : 
spectrum displayed a multiplet at S" 5.5 for a vinylic proton and 
a singlet at 2.0 was assigned to three acetate protons. An impor-
tant peak at S 4.8 as multiplet was attributed to a proton alpha 
to acetate group. On the basis of these data compound (XLIII) 
was formulated as 9-acetoxy-12(13)-nitro-12~octadecenoic acid. 
Scheme-27 
CH3 - iCH^)^ - CH = CH - - - (CH^)^ - COOH 
(XVII) 
OAc 
Fuming HNO^ 
CH^COOH/NaNO^ 
CH3 ~ iCH^)^ - C 
H 
C - (CH^)^ - CH - - COOH 
OAc 
(XLIII) 
+ 
CH3 - (^2)4 - CH ~ CH - (CH2)2 - (fH - (CH2)7 - COOH 
ONO2/NO2NO2/ONO2 
(XLIV) 
OAc 
CH3 - (CH2)4 - CH — CH - (CH2)2 - CH - (CH2)7 - COOH 
NO2/OAC OAC/NO2 OAc 
(XLV) 
The MS of XLIII collaborated the suggested structure 
by showing characteristic fragmentations as shown in Scheme-28. 
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Scheme-28 
H^C - C=HC-(CH2)2-9H-(CH2)^-C00H 
OAc-
m/z 328 NO. 
CH3-(CH2)4-C- ^ 
m/z 129 
C=CH-.(CH2)2-CH-.(CH2)7-C00H 
4MO2 OAc 
m/z 314 
CH3 - (CH2)4 - C = CH- (CH^)o - CH - (CH^)^ - COOH 
NO, 
2 2 "" I " 7 
OAc 
mI" 385 (absent) 
CH3 - (01^ 2)4 - HC = C - (CH2)2 - CH - (^2)7 - COOH —r+ 
NO, OAc 
CH3-(CH2)4-HC=C A 
m/z 142 
'C-(CH2)2-CH-(CH2)7-C00H 
OAc ^N02 
m/z 301 
CH3-(CH2)4-CH=C - CH2 
NO^ 
m/z 156 
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This compound showed no molecular ion peak. Fragment ions m/z 
328, 156, 142, 301, 129 and 314 further supported the structure. 
A mass ion at m/z 83 was observed by the loss of NO2 from m/z 129 
suggested the incorporation of NO2 group at C^ ^^ * The ion at m/2 
255 arising by the loss of NO^ from m/z 301 confirmed the posi-
tion of NO^ group at fatty chain (Scheme-28). 
Characterization of Product (XLIV) 
Elemental analysis of the pure TLC homogeneous product 
(XLIV) corresponded to formula *-20^36^9^2* ^^ spectrum showed 
bands for nitrate at 1630, 1250, 870, 720 cm~^ and nitro grouping 
at 1560 and 1370 cm""^  (NO^) along with the characteristic absorp-
tions for acetate and acid carbonyl functions. NMR spectrum 
exhibited multiplets at S^  4.5 for a methine proton alpha to nitro 
group and 4.8 assigned to two methine protons one each alpha to 
nitrate and acetate functions. Acetoxy protons appeared as a 
singlet at S" 1.95, From these evidences, the structure of XLIV 
was formulated as 9-acetoxy 13(l2)-nitrate-12(13)-nitrooctadeca-
noic acid. This structure was further substantiated by mass 
spectrum. Mass ions emerging from a-cleavage,m/z 377, 205, 130, 
318, 302 and 146, were structure-revealing (Scheme-29). 
Characterization of Product (XLV) 
Microanalysis of product (XLV) gave composition as 
C22H3gOgN. IR spectrum exhibited bands at 1550 and 1360 cm~^(N02) 
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m/z 130 
CH-(CH2)2-CH-(CH2)^-C00H 
OAc 
m/z 318 
^ONO^ 
CH3 - {CH^)^ - CH - CH - (CH2)2 - " 
NO^ ONO^ OAc 
- COOH'* 
JVlt 448 (absent) 
CH3 - (CH2)4 - CH - CH - (CH2)2 " " -1 + COOH' • 
ONO2 NO2 OAc 
CH3-(CH2)4-eH 
^0N02 
m/z 146 
CH3-(CH2)4-CH - C H ^ 
ONO2 NO2 
m/z 205 
. CH - CH-.(CH2)2-CH-.(CH2)7-C00H 
_^0N02 NO2 OAc 
m/z 377 
CH- (CH2) 2-CH- (CH2) 7-COOH 
_^ N02 OAC 
m/z 302 
-OAc 
M/ 
m/z 243 
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and bands for acetate and acid carbonyls. Its NMR spectrum was 
more informative about the structure of XLV. Two singlets of 
three protons each at S 2.0 and 2.1 indicated the presence of 
two acetoxy functions. This was further supported by the 
emergence of a two proton signal (2xC^0Ac) as a multiplet at 
8 4.7. Another multiplet at S 4.5 was assigned to a methine 
proton a to nitro group. Therefore on the basis of combustion 
and spectral data the compound (XIV) was characterized as 
9,12(l3)-diacetoxy-13(12)-nitrooctadecanoic acid. 
Explanation of formation of nitroolefih (XLIV) and 
nitronitrate derivative (XLV) is similar as described earlier. 
Acetylation of hydroxy group of a-hydroxynitro derivative 
(primary nitration product) may be converted into XLV. 
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Chapter 4(e) 
Nitration of Unsaturated Diketo Fatty Ester 
Literature scanning revealed that nitration of conju-
gated keto functions has not so far carried out. This prompted 
us to observe the effect of keto group on product formation, 
during the course of nitration. 
Nitration of Methyl 9,12-diketo~trans-lO-octadecenoate (XIX) 
Nitration of methyl 9«12-diketo-trans-10-6ctadecenoate 
(XIX) was conducted as described earlier. Final reaction mixture 
was fractionated to give two TLC homogeneous products (Scheme-30), 
Scheme-30 
CH3 - (CHg)^ - C - CH = CH - C - (^2)7 - COOCH3 
0 0 
(XXIX) 
Fuming HNO^ 
CHgCOOH/NaNOg 
HOOC - C - (CH2)-7 - COOCH3 
° (XLVI) + 
CH3 - (CH^)^ - C - CH - CH - C - (CH^)^ - COOCH3 
0 OH/NO2 NO^/OH 0 
(XLVII) 
: 94 : 
Characterization of Product (XLVIII) 
Microanalysis of product (XLVI) corresponded to formula 
^11^18*^5* The IR spectrum showed a broad absorption band at 3400 
(COOH) and three characteristic bands in the carbonyl region at 
1740 (COpCH^), 1720 (CO) and 1715 cm"^ (COOH). Its NMR spectrum 
exhibited a D^O exchangeable broad singlet, at S 12.0 for hydroxyl 
proton, a multiplet at S 2.3 for four methylene protons a to free 
ketone and ester carbonyl and a singlet at S 3,6 for ester 
carbonyl protons. The data formulated the structure of the 
cleaved product (XLVI) as methyl 9-ketononanoate-9-carboxylic 
acid. 
Characterization of Product (XLVII) 
The compound (XLVIII) was analysed for Cj^^H^^O^N. IR 
spectrum gave absorption bands at 3440 (OH), 1740 (COOCH^), 1710 
(CO), 1560, 1340 cm"^ (NO^). The NMR spectrum exhibited a 
multiplet at 4.2 for a me thine proton alpha to nitro group, 
another multiplet at 3.2 assigned for methihe proton a to hydroxy 
function. A D^O exchangeable broad singlet at S 4.7 confirmed 
the presence of hydroxy group. The product (XLVII) was assumed 
to be an isomeric mixture of methyl 9,12-diketo-10(ll)-nitro-
ll(10)-hydroxyoctadecanoate. 
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Chapter 5 Theoretical 
Nitrosochlorination of Unsaturated Fatty Acids 
Addition of nitrosyl chloride represents one of the 
easiest method of elaborating a carbon-nitrogen linkage directly 
31,32 
from unsaturated compounds. Comprehensive literature reviews 
have summarized the present state of knowledge. Nitrosochlori-
31 33 34 
nation of simple olefins is known for a long time * ' . Usual 
nitrosyl chloride addition to an olefin afforded a chloronitroso 
product (mono- or dimer) or an alpha chlorooxime^^*^^. The normal 
products may be oxidized to secondary products. Shiue and 
37 coworkers have reported an entirely different product, They 
observed that oximino function is oxidized to nitrimine, a result 
38 39 
that has been accomplished by nitrous acid oxidation * , and by 
nitrosyl fluoride"^ *^ , but not by nitrosyl chloride. Thus oxidizing 
action of nitrosyl chloride has been established. In the follow-
ing years they further reported that the chloronitroso addition 
is the only primary reaction and after that three routes may be 
followed: 1. dimerization of nitroso group 2. oxidation of the 
nitroso group to a nitro group, and 3. isomerization to an oxime, 
followed by oxidation to nitrimine. 
Nitrosyl chloride addition of a,p-unsaturated carboxy-
41 
lie ester was reported by Shin et , the major products were 
chloronitro and dichloro derivatives. 
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R - CH = CH - C02Et NOCl below OC 
for 3 hr 
•» R - JH — CH - C02Et + 
vfO. CI 
R - CH - CH - COoEt + 
i I 2 
CI CI 
R - CH — (j;H - C02Et 
NO^ ONO 
Nitrosyl chloride addition on double bond have been 
42 utilized for the synthesis of N-nitroaziridine in recent years, 
43 
Kaplan et have suggested that NOCl ionizes to 
produce nitrosonium ion and chloride ion, nitrosonium ion (NO"^ ) 
adds to an olefin to afford a highly stabilized onium ion inter-
mediate, which should open to give a trans-nitrosochloride* 
:c = C NO' 
/ X j / ' x 
0 
c 
0 
/ \ N 
I 0 
c + 
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Nitrosochlorination of Acetoxy and Diketo Olefinic Fatty Acids 
Addition of NOCl to simple and long chain olefins have 
44 been widely studied . Recently in the author's laboratory 
45 46 47 nitrosochlorination of olefinic , acetylenic , hydroxy , epoxy 
48 
and sulphuretted fatty acids were carried out. This work has 
been further extended to study the nitrosochlorination of acetoxy 
and diketo olefinic fatty acids. 
Nitrosochlorination of 12-Acetoxy-£is-9-octadecenoic Acid (XVI) 
Carbon tetrachloride solution of 12-acetoxy--cis--9-oc ta-
decenoic acid was treated with NOCl gas in a stoppered flask at 
OC for 48 hr. Reaction mixture was separable into two products, 
XLVIII and XLIX.(Scheme 31) 
Scheme'>-31 
CH3 - (CH^)^ - CH - CH^ - HC = CH - (CH^ )-^  - COOH 
^^^ (XVI) 
NOCl/CCl 
CH3 - (CH2)5 - CH ~ CH2 - CH — CH - iCH^)^ - COOH 
OAc rio/Cl CI/NO 
(XLVIII) + 
CH3 - (^2)5 - (JH - CH2 - jj — CH - (CH2)7-C00H 
OAc NOH 01 
and/or 
CH3 - (CH2)5 - CH - CH2 - CH - C - (CHg)^- COOH 
C!)Ac CI NOH 
(XLIX) 
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Characterization of Product (XLVIII) 
The compound (XLVIII) gave satisfactory elemental 
analysis for C^QH^g^O^NCl (positive Beilstein test), IR spectrum 
of compound (XLVIII) displayed diagnostic absorption bands at 1570 
(N=0), 1110 (C~N) and 720 cm~^ (C-Cl). Absorption characteristics 
for acetoxy group appeared at 1740 (OCOCH^), 1240 (acetate). NMR 
spectrum displayed three multiplets, two at 4.2, 3.5 for methine 
protons adjacent to the chlorine and nitroso functions, and the 
last one at 4.8 assigned to methine proton adjacent to acetate 
group. Three acetoxy protons appeared as a singlet at § 2.0. On 
the basis of these data compound (XLVIII) was characterized as 
12-acetoxy-9(10)-chloro-10(9)-nitrosooctadecanoic acid. 
Characterization of Product (XLIX) 
Microanalysis of compound (XLIX) supported the formula 
C^qH^^O^NCI. It responded to Beilstein test. IR spectrum of 
the compound (XLIX) showed bands at 3450 (COOH , NOH) , 1640 cm""^  
(C=N), indicative of the oximino group, A band at 715 cm~^ 
assigned to C-Cl linkage. Bands, characteristic for acetate 
grouping were observed at 1740 (OCOCH^), 1235 (acetate). NMR 
spectrum showed an apparent multiplet at S 7.2 for one proton, 
disappeared on addition of D^O and assigned to the hydroxyl proton 
of oximino (-C=N-OH) group. Another signal at S 4.4 was attributed 
to the methine proton adjacent to the chlorine atom. Signals for 
: 99 
acetoxy (three) and alpha acetoxy (one) protons were observed at 
S 2.0 s (OCOCH3) and 4.7 m (-CH-OCOCH^). The compound (XLIX) was 
also believed to be an isomeric mixture of 12-acetoxy-9(10)-
chloro-10(9)-oximinooctadecanoic acid. 
Nitrosochlorination of 9~Acetoxv-cis-12~octadecenoic Acid (XVII) 
Nitrosochlorination of 9~acetoxy-c_is-12-octadecenoic 
acid under similar conditions as described earlier yielded a 
mixture of two products which was fractionated over silica gel 
column to give L and LI. (Scheme 32) 
Scheme-32 
CH3 - (CH^)^ - HC = CH - (CH^)^ - CH - (CH^)^ - COOH 
OAc 
(XVII) 
NOCI/CCI4 
\y 
CH3 - (^2)4 - HC — CH - (CH2)2 - - (CH^)^ - COOH 
NO/Cl Cl/NO OAc 
(L) 
CH3 - (CH^)^ - C — CH - (CH2)2 - (fH - iOH^ )^ ^ - COOH 
NOH CI OAc 
and/or 
CH3 - (CH2)4 - CH - C - (CH2)2 - CH - (CH2)7 - COOH 
CI NOH OAc 
(LI) 
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Characterization of Product (XLVIII) 
The product was tested qualitatively for the presence 
of halogen by the Beilstein test and gave satisfactory analysis 
for ^^ spectrum of the product (L) showed bands at 
1560 (N=0), 1080 (C-N) and 720 (C-Cl) for nitrosochloride function 
and at 1735 (OCOCH^), 1225 cm~^ (acetate). NMR spectrum exhibited 
three multiplets at 8 4.8, 4,2, 3.5 for three methine protons alpha 
to acetate, chloro, nitroso functions. These combustion and 
spectral data formulated compound (L) as an isomeric mixture of 
9-acetoxy-12(13)-chloro-13(12)-nitrosooctadecanoic acid. 
Characterization of Product (LI) 
The compound (LI) gave satisfactory elemental analysis 
for C^qH^^O^NCI (positive Beilstein test). Its IR spectrum gave 
characteristic absorption bands at 3425 (=N-OH, COOH) and 1650 cm~^ 
(C=N), attributed to the oximino group and at 715 cm"^ to C-Cl 
attachment. Acetate grouping was confirmed by the bands at 1740, 
1220 cm""^ . The NMR spectrum were also consistent with the struc-
ture 9-acetoxy-12(13)-chloro-13(l2)-oximinooctadecanoic acid for 
the compound (LI), It exhibited multiplets at 8 4,8 and 4,3 for 
two methine protons alpha to acetate and chloro functions. A D2O 
exchangeable broad singlet at.S 7,0 for one (N-OH) proton 
confirmed the presence of oximino group . A singlet at 8 2.0 
assigned to three acetoxy protons. 
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Nitrosochlorination of 9,12-Diketo-trans-10--octadecenoic Acid 
(XXVIll) 
9.12-Diketo-trans-10--octadecenoic acid (XXVIII) on 
treatment with approximately stoichiometric quantity of nitrosyl 
chloride gas for 6 hr at OC gave two products as evidenced by 
analytical TLC. Column chromatographic separation afforded LII 
and LIII. (Scheme 33) 
Scheme~33 
CH3 - (CH^)^ - C - C H = C H - C - {Cn^)^ - COOH 
0 0 
(XXVIII) 
NOC1/CC14 
CH3 - (CH^)^ - Cj - CH — CH — fj - (^2)7 - COOH 
0 NO/Cl Cl/NO 0 
(LII) 
+ 
- - ^ - ? - - S - -
0 NOH CI 0 
and/or 
CH3 - (CH^), - C - CH - C - C - (CH^), - COOH 0 CI NOH 0 
(LIII) 
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Characterization of Product (XLVIII) 
The product \LII) v;as tested qualitatively for the 
presence of chlorine by the Beilstein test and analysed for 
Cj^qH^qO^NCI. IR spectrum exhibited absorption bands diagnostic 
for nitrosochloride function at 1550 (N=0), 1110 (C-N) and 710 cin^  
(C-Cl), Other bands were observed at 1720 and 1710 cm~^ for tv;o 
free carbonyl and acid carbonyl functions, NMR spectrum displayed 
two characteristic doublets at S 3.6 (J=7 Hz) and 4.2 (J=6 Hz) 
each for one methine proton a to nitroso and chloro functions 
respectively. A broad multiplet at S 2.2-2.3 was assigned to six 
protons alpha to carbonyl groups. On the basis of above data 
compound (LII) was formulated as 9,12-diketo-10(ll)-chloro-ll(10)~ 
nitrosooctadecanoic acid. 
The chloronitroso derivative was very unstable. Presence 
of hydrogen on the carbon-carrying nitrosyl group permits rearran-
gement to the oximes. In this case the pure chloronitroso deriva-
tive (LII) just after few hr showed the formation of oxime as 
detected by TLC. 
Characterization of Product (LIII) 
Compound (LIII, m.p.54C) was found to be a solid product, 
melting at 54C. Microanalysis of LIII supported the formula 
Cj^qH^qO^NCI. IR spectrum displayed bands at 3450 (OH, =NOH), 1640 
(C=N) and at 720 cm""^  (C-Cl). Its NMR spectrum was more informa7 
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tive regarding the formation of oximino group in the fatty acid 
chain. It exhibited an apparent singlet at S 7.1 (D^O exchange-
able) v\^ hich can be assigned to the proton of oximino group 
(-C=N-OH). A signal at 5 4,7 s (1H,-CH-Cl) was also observed. The 
down field appearance of-CH-Cl proton is due to a-oximino group. 
Thus the spectral and combustion data established the structure 
of LIII as 9,12-diketo-10(ll)-chloro-ll(10)-oximinooctadecanoic 
acid. This product was expected to be formed by the rearrangement 
of chloronitroso derivative.. 
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Experimental 
All melting points Vi/ere observed on a Kofler apparatus 
and are uncorrected. Infrared (IR) spectra (expressed in cm""^ ) 
were obtained on a Perkin Elmer 621 spectrophotometer usually as 
nujol, neat solution (CCl^) or thin films between KBr discs. 
Nuclear magnetic resonance (NMR) spectra were recorded with a 
Varian A60 spectrometer, using 10-15;^ solutions in or CDCl^ 
with tetramethylsilane (TiVlS) as internal standard. All chemical 
shifts are reported in ppm (8) down field from TMS. The abbrevi-
ations 's, d, m, br and t' denote 'singlet, doublet, multiplet, 
broad and triplet', respectively. Mass spectra were measured with 
JEOL JMS-D300 mass spectrometer at 70 eV. In the absence of 
accurate and deuterated mass spectra the fragmentation schemes are 
considered to be tentative. 
Thin layer chromatography (TLC) plates were coated with 
silica gel and plates were usually developed with mixture of 
petroleum ether, ether and acetic acid (80:20:1). TLC plates yvere 
sprayed with 20/. aqueous solution of perchloric acid and charred 
at H O C for 10 min. Column chromatography was carried out with 
silica gel (60-120 mesh) using 25-30 g per g of material to be 
separated. Elution was usually effected with petroleum ether 
containing increasing proportions of ether. 
Synthesis of 10-Undecynoic Acid (V) 
To a cold solution of commercial 10-undecenoic acid 
(I, 40 g) in carbon tetrachloride (150 ml), bromine (25 g) was 
added dropwise. When the addition was over, the mixture was 
stirred for 3 hr and left over night. Distillation of carbon 
tetrachloride and working up with ether furnished, 10,11-dibromo-
undecanoic acid(75 g) as a thick viscous liquid. 10,11-Uibromo-
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undecanoic acid (IVa,.37,5 g) , potassium hydroxide (75 water 
(20 ml) and ethanol (315 ml) were taken in a round bottom flask 
and refluxed on water bath for 10 hr. Most of the alcohol was 
removed under vacuo. The product was dissolved in water, acidi-
fied with cold dil. H2S0^ and extracted with ether. The extracts 
were washed with water and dried over sodium sulphate. Removal 
of solvent yielded a semisolid product, which on crystallization 
from petroleum ether at low temperature gave V. Yield 55'/, m,p. 
42C (lit.^^ m.p.41-42C). 
Esterification of V with AteOH/H"^  yielded VII. Analysis-
Calcd. for 73.47; H, 10.20;^ . Found: C, 73.43; 
H, 10.18^. IR(neat): 3270s(C-H str.), 2110 w (C=C str.) and 
1740 cm"^ (COOCH^). NMR: S 3.6 s (3H,-C00CH^), 1.98-2.40 (4H, 
overlapping signals -C=C-CH2,-CH2-CCCH3) 1.80 t (IH, HC^C-; 
J=2 Hz), 1.3 br,s (chain-CH2-) • Mass: JVlt 196. 
Synthesis of 9-Octadecvnoic Acid (VI) 
Commercial cis-9-octadecenoic acid (II, 28.2 g) in CCl^ 
(75 ml) was cooled and bromine (16 g) was added dropwise in a same 
manner as mentioned earlier. Distillation of solvent followed by 
work up with ether gave 9,10-dibromooctadecanoic acid (44.3 g) as 
thick viscous oil. 9,1&-Dibromooctadecanoic acid (IVb,44.3 g), 
potassium hydroxide (88.4 g), water (15 ml) and ethanol (300 ml) 
were refluxed for 12 hr. Evaporation of solvent,dilution with 
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water followed by acidification with cold dil. H^SO^ and work up 
with ether, drying with sodium sulphate and evaporation of solvent 
afforded the crude acid which on crystallization from pet. ether at 
low temperature afforded VI. Yield bOyi, m.p,45C (lit.^^ m.p,44-45C). 
Esterification of VI with MeOH/H"^ gave VIII. Analysis- Calcd. for 
77,55; H, 11.56><. Found: C, 77.59; H, 11.58^ IR(neat) ; 
2260-2100 (-C=C-str.) and 1740 cm"^ (COOCH^). NMRCCCI^): 8 3.6 s 
(3H, -COOCH^), 2.1-2.6 br,m (6H,-CH^-C^ C-CH^j-C^-COOCH^), 1.3 br,s 
(chain-C^-), 0.9 t (3H, CH^-C). Mass: mI 294. 
Synthesis of 9-Undecynoic Acid (X) 
10,11-Dibromoundecanoic acid (IVa,37.5 g) was added to a 
solution of potassium hydroxide (56.5 g) in v^ ater (35 ml) and the 
mixture was heated in an open flask so that the internal temperature 
rose slowly to 180C and remained there for 30 min. Water (170 ml) 
was added and the solution acidified with dil. H2S0^ and the product 
extracted with ether. Evaporation of the solvent gave a noncryst-
allizable oil (18,75 g), which chromatographed over a column of 
silica gel. Elution with petroleum ether gave 9-undecynoic acid 
(X). Yield 45^ <, m.p.59C (lit.^^ m.p,58-59C), Esterification of X 
with MeOH/H"*" gave XI. Analysis-Calcd. for C^^^^oS' 73,47; H, 
10.20^<. Found: C, 73.41; H, 10.18^<). IR(neat) : 2210 w (C=C str.) , 
1740 cm"^ (COOCH^), NMR: 8 3.6 s (3H, -COOCH^), 2.0-2.5 (4H, over-J Q -J 
lapping signals -C= C-CH2,-CH2-&CH3) 1,74 t (3H, CH3-C=C; J=2 Hz), 
1,3 br,s (chain-CH2-). Mass: Mt 196. 
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Synthesis of 12--Acetoxv-cis--9-octadecenoic (XVI) and 9-Acetoxy-
cis-12-octadecenoic (XVII) Acids 
To a solution of XII and XIII (4 g) in pyridine (80 ml) 
acetic anhydride (25 ml) was added and the reaction mixture was 
kept for 24 hr at room temperature. Solvent was evaporated under 
vacuo ^ product taken up with ether and dried over sodium sulphate. 
Evaporation of ether gave TLC homogeneous liquid products XVI and 
XVII. Analysis (XVD-Calcd. for C2QH3g04: C, 70.58; H, 10.58^. 
Found: C, 70.60; H, 1 0 . I R ( n e a t ) : 3425 (COQH), 1740 (OCOCH3), 
1710 (COOH), 1640 (HC=CH), 1240 (acetate), 1060, 1000 (C-O). NA/IR: 
S 12.0 br,s (1H,-C00H, D2O exchangeable), 5.35 m (2H,HC=CH),4.8 m 
(IH, CH-OCOCH3), 2.3 t (2H,-CH2-C00H), 2.1 br,s (3H,-CH-OCOCH^), 
1.3 br,s (chain-CH2-)» 0.9 t (3H, CH^-C). Analysis (XVII)-Calcd. 
for C^Q^^^O^: C, 70.58; H, 10.58^ <. Found: C, 71.61; H, 10.59^ i. 
The spectral (IR, NMR) values of XVII are identical as those of 
XVI. 
Synthesis of 9,12-Diketo-trans-lO-octadecenoic Acid (XVIII) 
A vigorously stirred solution of castor acids (100 g) 
(saponified oil of Ricinus communis seeds) in acetic acid 
(1100 ml) was oxidized by the addition of a solution of sodium 
bichromate dihydrate (73 g) in water (90 ml), acetic^acid (650 ml) 
and conc. H2S0_^(40 ml). More oxidising agent [sodium bichromate 
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dihydrate (82 g), water (400 ml), acetic acid (200 ml) and conc. 
H^SO^ (40 ml)] was added, when the temperature had fallen from 
54 to 47C, The reaction content was stirred for one hr, at 
40-45C, The desired product (XVIII) was precipitated with ice 
cold water and recrystallized from 90'/ aqueous ethanol. Yield 
22.0'/., m.p. IIIC (lit.^® m.p.lllC). Esterification with MeOH/H"^ 
gave XIX. Analysis (XVIII)-Calcd. for Cj_gH3Q04: C, 69.67; H, 
9.61'/, Found: C, 69.69; H, 9.71/. IR(KBr): 3425 (COOH) , 1710 
(COOH), 1680 (CUCH=CH-CO), 1645 (HC=CH), 1210, 1180 (C-0), 
980 cm"^ (trans-unsaturation). NMRCCDClg): S 8.8 br,s (1H,-C00H, 
D^O exchangeable), 6.82 s (2H,-HC=CH-), 2.8 m (6H, SxCH^-^^)» 
1.3 br,s (chain-CH2-) and 0.88 t (3H, CH^-C). 
Nitration of Methyl 10~undecenoate (III) 
Methyl 10-undecenoate (3 g, 0.015 mole) in glacial 
acetic acid (25 ml) and fuming nitric acid (7.5 ml, d=:1.5, 
0.178 mole) was vigorously stirred at room temperature and one g 
of NaN02 was added in portions over a period of one hr. The 
reaction mixture was poured in cold vi/ater and a yellow mass 
obtained which was extracted with ether, the ethereal layer 
v;ashed slowly with sodium bicarbonate (lO>i) and water and dried 
over anhydrous sodium sulphate. On evaporation of ether a semi-
solid product was obtained which was chromatographed over silica 
gel, using petroleum ether-ether as moving phase. Elution with 
a mixture of pet. ether-ether (95:5, v/v) gave methyl 11-nitro-
* density. 
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10-undecenoate (XX). Yield Analysis-Calcd. for 
C, 59.24; H, 8.70; N, 5.75;^ . Found: C, 59.20; H, 8.69; N, 5.52>^ . 
IR(neat): 1740 (COOCH^), 1640 (HC=CH), 1560, 1360 (NO^). 
NMRCCCl^): S 6.8 m (IH, CH=CH) , 4.1 d (IH,-•:j:H=CH; J= 8 Hz), 3.5 s 
NO2 NO2 
(3H,-C00CH3), 2.2-2.4 br,m (4H, CH^CH-CH^ and-CH^-COOCH^),1.3 br,s 
NO2 
(chain-CI^). Mass: ut 243 (absent). Other significant fragments 
were observed at 227 (M-0), 213 (M-NO) , 212 (^^0^3), 197 (M-NO2) , 
196 (M-HNO2), 195 (227-CH3OH), 184, 171, 157, 152 (I84-CH3OH), 138 
(I84-NO2), 125 (I84-COOCH3), 86, 74 (McLafferty, principal ion), 
72, 59. 
Subsequent elution with pet. ether-ether (90:10, v/v) 
afforded methyl lO-nitro-lO-undecenoate (XXI). Yield 27y:, Analysis-
Calcd. for 59.24; H, 8.70; N, 5.75^ i. Found: C, 59.20; 
H, 8.69; N, 5.72^. IR(neat): 1740 (COOCH3), 1640 (HC=CH), 1560, 
1360 cm"^ (NO^). NMR(CCl4): S 5.2 m (2H, H2C=:C-N02) , 3.5 s (3H, 
-COOCH3), 2.2 t (2H,-CH2-C00CH3), 1.3 br,s (chain-CH2-). Mass: 
wt 243. Other fragments were observed at m/z 229 (M-CH2),227 (M-0), 
213 (M-NO), 212 (M-OCH3), 199 (229-NO), 197 (M-NO2), 196 (M-HNO2), 
184,171,170 (229-COOCH3), 169 (229-C2H4O2), 166 (I97-OCH3), 157,138 
(I84-NO2), 125 (I57-CH3OH), 111 (125-Caj, 86,74 (McLafferty), 72, 
59. 
Compound (XXII) methyl 11-hydroxy-lO-nitroundecanoate 
(XXIlj was eluted with pet. ether-ether (85:15, v/v), as a solid 
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product, m.p.53C. Yield 66-/., Analysis-Calcd. for 
55.15; H, 8.87; N, 5,36'/, Found: C, 55.10; H, 8,86; N, 5.36;^ . IR 
(KBr): 3450 (OH), 1740 (COOCH^), 1560, 1380 cm"^ (NO^). NMR(CCl^): 
S 4.1 m (IH, HO^CH^-CHpNO^), 3.6 m (2H, HO-C^-CH-NO^), 3.5 s (3H, 
-COOCH^), 2.6 br,s (IH, H2C-OH, D^O exchangeable), 2.2 t (2H, 
-CH2-COOCH2), 1.3 br,s (chairi-CHg-). Mass: Nit 261, Other salient 
fragments were observed at 260 (M-H), 244,230,215,214,213(244-0^3), 
212,201 (261-C2H^02), 184,183,171,169 (I83-CH2), 139,125(184-C00CH3), 
90,43 (principal ion), 31. 
Nitration of Methyl 10-undecynoate (VII) 
Nitration of methyl lO-und.ecynoate (3 g; 0.015 mole) was 
carried out with fuming nitric acid(7.5 ml; 0.178 mole) in glacial 
acetic acid (25 ml) yielded on oily mass. Chromatography over 
silica gel yielded the product (XXV), Elution with pet. ether-ether 
(90:10, v/v) afforded methyl 11-nitro-lO-ketoundecanoate (XXV). 
Yield 72/., Analysis-Calcd. for Cj_2H2i05N: C, 55.59; H, 8.16; N, 
5.44^. Found: C, 55.58; H, 8.15; N, 5,40/., IR(neat): 1740(C00CH3) , 
1705 (CO), 1560,1360 cm"^ (NO2). NMR(CCl4): § 4.3br,s(2H,H2C—» 
NO2 0 
3.6 s (3H, -COOCH3), 2.1-2.3 m (4H, OC-CHg,-C^-C00CH3) , 1.3 br,s 
(chain-CHg-)• Mass: Mt 259 (absent). Other fragments were 
observed at m/z 213,212 (M-HNO2), 200 (M-COOCH3), 199,181,171,167, 
157,143,139,138 (139-H), 125 (157-CH3OH), 111 (I7I-C2H4O2), 103,88, 
60,55 (CH2=CH-C=^'^ principal ion) 
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Nitration of Methyl 9--undecynoate (XI) 
Nitration of methyl 9-undecynoate (3 g; 0,015 mole) in 
glacial acetic acid (25 ml) and fuming nitric acid (7.5 ml, 
0.178 mole) yielded an oily mass. It was chromatographed over a 
column of silica gel, using pet, ethor-ether as moving phase. 
Elution with pet. ether-ether (85:15, v/v) furnished methyl 
lO-nitro-9-ketoundecanoate (XXVII). Yield SO/.. Analysis-Calcd. 
55.59; H, 8.16; N, b,44'/.. Found: C, 55.58; H, 
8.15; N, 5,41'/.. IR(neat): 1740 (COOCH3) , 1710 (CO), 1550,1370 cm~^ 
(NO^). NMR(CCl4): § 4.8 m (IH, CH3-CH-NO2), 3.6 s (3H, -COOCH^), 
2.3-2.4 br,m (4H,-CH-~C-CH^,-Ci^-C00CH3) , 1.3 br,s (chain-CI;^-), 
NO2 0 
1.2 1 (CH^-C). Mass: ut 259 (absent). Other significant ion peaks 
were observed at 244, 213 (M-NO^) , 212 (Mr.MN02) , 200 (M-COOCH3), 
199 (M-C2H4O2), 198,185,171 (I85-CH2), 166,157,153,152 (153-H),125 
(I57-CH3OH), 117,111 (185-C3H^02), 102,74 (McLafferty, principal 
ion). 
Nitration of Methyl 9-octadecynoate (VIII) 
Methyl 9-octadecynoate (3 g, 0.010 mole) on nitration 
with (10 ml,0.238 mole) of fuming nitric acid(which is an higher 
amount of nitric acid than used in previous cases) in glacial 
acetic acid (25 ml), yielded an oily mass. The reaction mixture 
was fractionated over silica gel column. Elution with pet. ether-
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ether (95:5, v/v) gave methyl 9,10-ciiketooctadecanoate (XXVIII) 
m. p.54C. Yield 2>1-/.. Analysis-Ualcd. for C, 69.90; H, 
10.49><. Found: C, 69.88; H, 10.48j<. IR(nujol): 1735 (COOCH^) , 
1705 (CO). NMR(CCl^): S 3. 6 s (3H,-COOCH^) , 2.6 m (4H,0C-C^, 
CH^-CO), 2.2 t (2H,-C^-C00CH2) , 1.3 br,s (chain-CH^-) , 0.9 t (3H, 
CHg-C). Mass: Mt 326. Other fragments were observed at m/z 295 
(JV^ -OCHg), 267 (M-COOCH3), 266 (M-CgH^O^), 228, 213, 185 (principal 
ion), 184, 169, 157, 153 (I85-CH3OH), 141, 125 (157~CH30H), 113, 
74 (McLafferty). 
Further elution with pet, ether-ether (92:8, v/v) 
afforded half ester of azelaic acid (XXIX), Yield Y1Y.» Analysis-
Calcd, for C ^ q H ^ q O ^ : C, 59.39; H, 8.97><. Found: C, 59.38;H, 8.90J<. 
IR(nujol): 3400 (COOH), 1740 (COUCH3), 1715 (CO). NMR(CCl4): 
S 12.0 br,s (HOOC-, D^O exchangeable), 3.6 s (3H,-COuCH3), 2.3 m 
(4H,-CH2~C0UCH3, HOOC-CH^), 1.3 br,s (chain-Ci^^-). Mass: M+1,203. 
Other fragments were observed at m/z 185 (M-OH), 184 {N^H^O), 171 
(]\^0CH3), 157, 152 (I84-CH3OH), 143, 129, 125 (I57-CH3OH), 111 
(I43-CH3OH), 74 (McLafferty, principal ion)73,60 (McLafferty), 59, 
45. 
Subsequent elution with pet. ether-ether (85:15, v/v) 
gave isomeric mixture of methyl 9 (10)-nitro-10 ( 9;-ketooctadeca-
noate (XXX). Yield Analysis-Calcd. for C, 63.84; 
H, 9.87; N, 3.91^ .^ Found: C, 63.82; H, 9.86; N, 3,90-/., IR(neat) : 
1735 (COOCH^), 1715 (CO), 1550, 1370 cm"^ (WO^). NMR(CC1.): S 4.5 m 
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(1H,-CH-N02), 3.6 s (3H, -COOCH3), 2.0-2.2 br,m (4H,-CP^~C00CH3, 
CH^-C-CH), 1.3 br,s (chain-CH^-) , 0.9 t (3H, CH3-C). Mass; f^ t 357. 
0 NO2 
Other fragments were observed at m/z 326 (M-OCH3), 325 (JVI-CH^ OH), 
311 (^^NO^), 310 (M-HNO2), 298 (M-COOCH3), 297 (M-C^H^O^), 259,244, 
216,215,212,200,185,172,157,141,125 (I57-CH3OH), 74 (McLafferty), 
55 (principal ion). 
Nitration of Methyl 12-hydroxy-cis-9-octadecenoate (XIV) 
12-Hydroxy-cis-9--octadecenoic acid was isolated from 
seed oil of Ricinus communis^"^ by Gunstone's partition method^^, 
as adopted in our laboratory. 
Nitration of methyl 12-hydroxv-cis-9-octadecenoate (3 g, 
0.009 mole) was carried out by fuming nitric acid (7.5 ml, 0.178 
mole) in glacial acetic acid(25 ml) as described earlier, yielded 
an oily yellowish liquid which on column chromatography, using 
pet. ether-ether (85:15, v/v) afforded isomeric mixture of methyl 
12-nitrate-9(10)-nitro-9-octadecenoate (XXXI). Yield 15'/., 
Analysis-Calcd. for C, 56.71; H, 8.52; N, 6.96;^ . Found: 
C, 56.69; H, 8.55; N, 6.98^. IR(neat): 1740 (COOCH3), 1640 (HC=CH), 
1630,1270,850,740 (ONO^), 1550,1370 cm~^ (NO^). NMR(CC1.): 8 4.6 m 
H ^ 
(1H,-C C-), 4.4 m (1H,-CH-0N02) , 3.6 s (2H, -COOCH3), 2.3 t (2H, 
NO2 
CH2-COOCH3), 2.1 m (2H, CH - CH^-), 1.3 br,s (chain-CH^-), 0.9 t 
(CH3-C). H 
: 114 : 
Further elution with pet. ether-ether (60:40, v/v) gave 
half ester of azelaic acid (XXXII), Yield 20'/. Analysis-Calcd. 
for 59.39; H, Q,91'/.. Found: C, 59.42; H, Q.99'/., 
iR(neat): 3400 (COOH), 1740 (COOCH3), 1710 (COOH). ^^^(CCl^): 
§ 12.0 br,s (1H,-C00H, disappeared on D^O shake), 3.6 s (3H,-
COOCH3), 2.3 m (4H,-CH2-C00CH3,-CH2-C00H), 1.3 br,s (chain-CH^-). 
MS: M+1 203. Other salient peaks observed were similar as that of 
XXIX. 
Subsequent elution with pet. ether-ether (50:50, v/v) 
yielded methyl 12-nitrate-10-nitro-9-hydroxyoctadecanoate (XXXIII). 
Yield 30'/, Analysis-Calcd. for Cj_gH3^0gN2: C, 54.28; H, 8.63; N, 
6.66?^ . Found: C, 54.31; H, 8.67; N, 6.68^ IR(neat): 3425 (OH), 
1740 (COOCH3), 1620, 1250, 845, 710 (ONO2), 1560, 1340 cm"^ (NO^). 
NMR(CCl4): 5 6.1 m (1H,-CH-0H, D^O exchangeable), 4.2-4.5 br,m 
(3H,-CH-0H,-CH-0N02,-CH-N02), 3.6 s (3H,-C00CH3), 2.3 t (2H, 
C^-C00CH3), 1.3 br,s (chain-CH2-), 0.9 t (3H, CH3-C). Mass: m I 
420. Other salient ion peaks were observed at m/z 374 (M-NO2), 
373 (M-HNO3), 358 (M-ONO2), 335, 326 (358-CH3OH), 310 (M-2NO2+H2O), 
289, 263, 246, 233, 187, 160, 114, 74 (McLafferty), 43 (principal 
ion). 
Jt-inal elution with pet. ether-ether (40:60, v/v) gave 
methyl 12-nitrate-10-hydroxy-9-nitrooctadecanoate (XXXIV). Yield 
30^ Analysis-Calcd. for Cj^gH3^0gN: C, 54.28; H, 8.63; N, 6.66^. 
Found: C, 54.30; H, 8.68; N, 6.69^ iR(neat): 3425 (OH), 1740 
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(COOCHg), 1620, 1250, 845, 710 (OIMO^), 1560, 1340 cm"^ (NO^). 
NMRCCCI^): S 6.1 m (1H,-CH-0H, D^O exchangeable), 4.2-4.5 br,m 
(3H,-CH-.0H,-CH-0N02,-CH-N02) , 3. 6 s (3H,-COOCH3) , 2.3 t (2H, 
CH^-COOCHg), 1.3 br,s (chain-CH2-), 0.9 t (3H, CH^-C). Atess: mI" 
420. Other fragments were at 385 (M-H^O+OH) , 340 (M-0N02+H20)^335, 
323 (f^ONO^+HgO+OH), 312 (M-ONO^+NO^) , 311 {M^Om^+Ui^O^), 294 
C312-H2O), 289 (335-NO2), 280 (312-CH2OH), 271 (289-H2O), 263,260, 
246, 216, 204, 174, 160, 157, 85, 59, 55 (principal ion). 
Nitration of Methyl 9-hydroxy-cis-12~octadecenoate (XV) 
9-Hvdroxy--cis-12-octadecenoic acid was isolated from 
seed oil of Wriqhtia tinctoria^^ by Gunstone's partition method^^. 
A mixture of methyl 9-hydroxy-cis--12~octadecenoate (3 g, 
0.009 mole) fuming HNO^ (7.5 ml, 0.178 mole) and glacial acetic 
acid (25 ml) was stirred at room temperature and the usual workup 
yielded an oily liquid. Purification by column chromatography 
gave tv^ o major and three minor products. Elution with pet. ether-
ether (90:10, v/v) afforded isomeric mixture of methyl 9,13(12)-
dinitrate-12(l3)-nitrooctadecanoate (XXXV). Yield 9'/.. Analysis-
Calcd. for C, 49.04; H, 7.58; N, 9.03j<. Found: C, 
49,09; H, 7.59; N, 9.08^ i. IR(neat): 1740 (COOCH3), 1625, 1250, 
840, 705 (ONO2), 1550, 1330 cm""^  (NOg). NMR(CCl4): S 4.5 m (IH, 
CH-NO2), 4.4 m (2H, 2XCH-ONO2), 3.6 s (3H,-CU0CH3), 2.3 t (2H, 
CH2-COOCH3), 1.3 br,s (chain-CH2-)» 0.9 t (3H, CH3-C). Mass: Mt 
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465 (absent). Other salient peaks at m/z 394,362(394-CH2OH), 341 
(M-2ONO2), 335, 323 (341-H20),319, 308 , 298 (362-
HNO^-fOH) , 252 (298-NO2), 243, 232, 205, 185 (232-HNO2), 146, 130, 
55 (principal ion) were observed. 
Further elution with a mixture of pet. ether-ether 
(82:18, v/v) gave an isomeric mixture of methyl 9-nitrate 12(13)-
nitro-13(12)-hydroxyoctadecanoate (XXXVl). Yield 13^. Analysis-
Calcd. for <^i9H350gN2: C, 54.28; H, 8.63; N, 6,66'/., Found: C, 
54.29; H, 8.66; N, 6,69'/., iH(neat) : 3420 (OH), 1740 (COOCH^) , 
1620, 1250, 845 and 710 cm~^ (ONO2), 1560, 1350 cm"^ (NO2). 
NMR(CCl4): S 5.2 br,s (1H,-CH-0H, D^O exchangeable), 4.5 m (IH, 
CH-ONO2), 4.3 m (1H,-CH-N02) , 4.1 m (IH, CH-OH) , 3.6 s (3H,-COOCH3), 
2.3 t (2HjC^-C00CH3), 1.3 br,s (chain-CH^-), 0.9 t (3H, CH^-C). 
Subsequent elution with pet. ether-ether (70:30, v/v) 
gave 9-nitratedodecadioic acid (XXXVII), m.p.79C. Yield 15'/., 
Analysis-Calcd. for C, 49.49; H, 7.26; N, 4.80^. Found: 
C, 49.48; H, 7.21; N, 4.84^. IR(KBr): 3400 (COOH), 1710 (COOH), 
1620, 1250, 845, 710 cm~^ (ONO2). NMR(CDCl3): E 12.0 br,m (2H, 
2xC00H, D2O exchangeable), 4.6 m (IH,-CH-ONO2), 2.3 m (4H,protons 
a to acid carbonyls), 1.3 br,s (chain-CH2- ). Mass: hC 291. Other 
fragments were observed at m/z 290, 218, 201 (218-OH), 193 
(M-2H2O+ONO2), 185, 172, 171, 153 (I7I-H2O), 152 (153-H), 148, 139 
(2I8-ONO2+OH) , 138- (2I8-ONO2+H2O) , 115, 102, 101, 73 (AI-C^ Hj^ O^^ N) , 
69 (principal ion). 
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Further elution with pet. ether-ether (60:40, v/v) 
produced ll-aldehydo-9-hydroxyundocanoic acid (XXXVIII), m.p.SlC. 
Yield 21'A Analysis-Calcd. for ^12^22^4' 62.59; H, 9.63><. 
Found: C, 62.60; H, 9.65/., IR(KBr): 3400 br (COQH, OH), 2830 
(CHO), 1710 (COOH). Mass: MT 230. Other fragments were observed 
at ra/z 213 (M-OH) , 212 (M-H2O), 196 (M-20H), 187, 185 (jM-COOH) , 
173, 171, 168 (185-OH), 156 (173~0H),, 155 (173-H2O), 153 (I7I-H2O), 
144 (JV^C^H^O^), 143, 87, 85, 73 (M-CGH^^02), 57 (M-C^HJ_^03) , 43 
(principal ion). 
Final elution with a mixture of pet. ether-ether (55:45, 
v/v) afforded methyl 8(5' -y-butyrolactone)octanoate (XXXIX). Yield 
40^ Analysis-Calcd, for Cj_3H2204! C, 64.45; H, 9.15^. Found: C, 
64.46; H, 9.19'/. IR(neat): 1760 (y-lactone carbonyl) , 1740 
(COOCH3), 1170, 1090 and 1070 cm"^ (C-0). NMR(CCl4): S 4.5 m 
(IH, ^C^ ^CH), 3.6 s (3H,-C00CH3), 2.3 m (4H,-CH2-C00CH3, 
Ca^-CHx 
0=C^ CH), 1.3 br,s (chain-CH2-). Mass: MT 242. Other 
0 
fragments were obtained at m/z 225 (M-OH), 224 (M-H2O), 211 
(M-OCH3), 210 (M-CH3OH), 183 (M-COOCH3), 157 (M-C4H^02), 143 
(I57-CH2), 129 (I43-CH2), 128 (129-H), 97 (I57-C2H4O2), 85 
(M-C^ ^^ (principal ion). 
: 118 : 
Nitration of 12~Acetoxv--cis~9-octadecenoic Acid (XVI) 
12-Acetoxv-cis~9-octadecenoic acid (3 g, 0.008 mole) 
nitrated by fuming nitric acid (7.5 ml, 0.178 mole) in glacial 
acetic acid (25 ml) at room temperature. The reaction mixture v^ as 
chromatographed over a column of silica gel. The elution was 
carried out with pet. ether containing increasing amount of ether-.-
Elution with pet. ether-ether (90:10, v/v) gave 12-acetoxy-9(10)-
nitro-9-octadecenoic acid (XL). Yield 30'/.. Analysis-Calcd. for 
62.32; H, 9.15; N, 3,63'/, Found: C, 62.35; H, 9.18; 
N, 3.69>^ . IR(neat): 3400 (COOH) , 1740 (OCOCH3) , 1720 (COpH) , 1640 
(HC=CH), 1560, 1370 (NO^), 1240 (acetate), 1060, 1015 cm~^ (C-O). 
NMR(CCl^): S 12.0 br,s (1H,-C00H, disappeared on D^O shake), 5.5 m 
H H 
(1H,-CJ= C), 4.7 m (1H,-CB-0C0CH3) , 2.-6 m (4H,-C^-C== C-CH-), 
NO '2 2 
2.3 t (2H,-CH2-COOH), 1.95 s (3H,-CH-0C0CH3), 1.3 br,s (chain-CH2-), 
0.9 t (3H, CH^-C). Mass: M^ 385 (absent). Other salient peaks 
observed were at m/z 326 (M-OCOCH3) , 325 {Ur-C^H^O^) , 308 (M-NO^H-
OCH3), 279 (r-0C0CH3+HN02), 256, 242, 229, 228, 214, 209 (256-HNO2) , 
201, 183 (242-C2H3O2), 170 (229-OCOCH3), 169 (229-C2H4O2), 123 
(I69-NO2), 60 (McLafferty), 41 (principal ion). 
Subsequent elution with pet. ether-ether (80:20, v/v) 
afforded 12,10(9)-dihydroxy-9(10)-nitrooctadecanoic acid (XLI). 
Yield 40'/, Analysis-Calcd. for C, 69.85; H, 9.76; 
N, 3,87'/, Found: C, 69.80; H, 9.78; N, 3.88^. IR(neat): 3425 br 
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(COOH; OH), 1720 (COOH) , 1560, 1360 cm""^  (NO^). NMR(CCl^): 
S 12.0 m (1H,-C00H, D^O exchangeable), 5.0 br,s (2H, 2xCH-0H, D^O 
exchangeable), 4.5 m (1H,-CB-N02), 3.9 m (2H, 2xCH-0H), 2.3 t 
(2H,-CH2-C00H), 1.3 br,s (chain-CH^-), 0.9 t (3H, CH^-C). Mass: 
m1" 361 (absent). Other important fragments observed were at m/z 
327 (M-20H), 326 (M-H^O+OH), 325 (M-2H2O), 307 (M-3H2O), 280 
(326-NO2), 279 (325-NO2), 278 (325-HNO2), 276, 242 (276-20H), 
232, 230 (276-NO2), 218, 202, 188, 173, 171, 169, 115, 113, 69 
(principal ion). 
Final elution with pet. ether-ether (76:24, v/v) yielded 
azelaic acid (XLII) m.p.l06C. Yield 26;^ . Analysis-Calcd. for 
57.46; H, Found: C, 57.49; H, 8.59><. IR(KBr): 
3400 (COOH), 1720 cm"^ (COOH). 
Nitration of 9-Acetoxy-ci_s-12-octadecenoic Acid (XVII) 
9-Acetoxy-cis~12-octadecenoic acid (3 g, 0.008 mole) on 
nitration with fuming nitric acid (7.5 ml, 0.178 mole) in glacial 
acetic acid (25 ml) yielded an oily mass. Fractionation by silica 
gel column chromatography finally yielded three TLC homogeneous 
products (XLIII-XLV). 
The first elution with pet. ether-ether (85:15, v/v) 
afforded an isomeric mixture of 9-acetoxy 12(13)-nitro-12-octa-
decenoic acid (XLIII). Yield 25^. Analysis-Calcd. for C^qH^^O^N: 
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C, 62.32; H, 9.15; N, 3,6Z-/.. Found: U, 62.37; H, 9.18; N, 3,66;^ , 
iR(neat): 3400 (COOH), 1735 (OCOCH^), 1720 (COOH), 1640 (HC=CH), 
1550, 1360 (NO^), 1245 (acetate), 1070 and 1010 cm"^ (C-0). 
NMRCCCI^): S 12.0 br,s (1H,-C00H, D^O'exchangeable), 5o5 m (IH, 
H H 
C =: C), 4.8 m (1H,-CI^0C0CH3) , 2o6 m (4H,-C^-C i C-CH^), 2.3 t (2H, 
NO^ NO^ 
CH^-COOH), 2.0 s (SHj-CH-OCOCH^), 1.3 br,s (chain-CH^-), 0.9 t (3H, 
CH^-C). Mass: Jwt 385 (absent). Other fragments were observed at m/z 
328, 314, 301, 296 (314-H2O), 256 (M-CgHjLj^ 02N) , 255 (3OI-NO2), 250 
(296-NO2), 242 (M-CgHj_502) , 215 (A4-CgH^^02N), 212 (3OI-COOCH3+NO) , 
211 (212-H), 156, 155 (156-H), 142, 129, 84 (M-C^4H230^N), 83 (129-
NO2), 43 (principal ion). 
Further elution with a mixture of pet, ether-ether (70:30, 
v/v) gave the isomeric mixture of 9-acetoxy-13(12)-nitrate-12(l3)-
nitrooctadecanoic acid (XLIV). Yield 38^, Analysis-Calcd. for 
So^36°9^2* 53.57; H, 8.09; N, 6.25^. Found: C, 53o59; H, 8.13; 
N, 6o28^ IR(neat): 3400 (COOH), 1735 (OCOCH3), 1715 (COOH), 1630, 
1250,870,720 cm~^ (ONO2), 1560,1370 (NO2), 1240 (acetate), 1075 and 
1015 cm""^  (C-0). NMR(CCl4): S 12.0 br, s (1H,-C00H, D2O exchangeable), 
4.8 m (2H,-C|^0N02,-CH-0C0CH3) , 4.5 m (1H,-CB-N02) , 2.3 m (2H, 
CH2-COOH), lo95 s (3H,-CH-0C0UH3), 1.3 br,s (chain-CH2-)» 0.9 t (3H, 
CH3-C). Mass: Mt 448 (absent). Other fragments observed were at m/z 
402 (M-NO2), 386 (M-ONO2), 377,318,315 (377-UNO2), 305 (M-CgHj_502) , 
302,284 (3I5-OCH3), 272 (3I8-NO2), 259 (3O5-NO2), 256 (3I8/3O2-ONO2/ 
NO2), 255 (3I8/3O2-HONO2/HNO2) , 243,215 (M-CgHj_705N2) , 205,146,130, 
84 (I46/13O-ONO2/NO2), 83 (146/130-HONO2/HNO2), 41 (principal ion). 
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Final elution with pet. ether-ether (60:40, v/v) 
afforded 9,12(l3)-diacetoxy-13(l2)-nitrooctadecanoic acid (XLV), 
Yield 35'/., Analysis-Calcd. for C22H3gOgN: C, 59.32; H, 8.32; N, 
3.14/., Found: C, 59.33; H, 8.36; N, 3.18^. IR(neat): 3400 (COOH), 
1740 br (OCOCH3), 1720 (COOH), 1550, 1360 (NO2) , 1240 (acetate), 
1070 and 1000 cm"^ (C-O). HMRICCL^): S 12.0 br,s (1H,-C00H, D2O 
exchangeable), 4.7 m (2H,-CH-0C0CH3,-CH-0C0CH3), 4.5 m (IH^CH-NO^), 
2.3 t (2H,-CH2-C00H); 2.1 s (3H,-CH-0C0CH3), 2.0 s (3H7CH-OCOCH3), 
1.3 br,s (chain-CH^-), 0.9 t (CH3-C). 
Nitration of Methyl 9,12-diketo-trans-lO-octadecenoate (XIX) 
9,12-Uiketo--trans-lO-octadecenoic acid synthesized by 
28 the method adopted by Nichols e^ 
Methyl 9,12-diketo-trans-lO-octadecenoate (2 g, 0.006 
mole) was nitrated with fuming nitric acid (10 ml, 0.238 mole) in 
presence of glacial acetic acid (20 ml) as described earlier. The , 
reaction mixture was chromatographed over silica gel column using 
pet. ether-ether as moving phase. Elution with pet, ether-ether 
(90:10, v/v) yielded the major product methyl 9-ketononanoate-9-
carboxylic acid (XLVI), Yield 60/., Analysis-Calcd, for Cj^ j^ H^ gO^ : 
C, 57.39; H, 7,82/, Found: C, 57.40; H, 7,80/, IR(CCl^): 3400 
(COOH), 1740 (COOCH3), 1720 (CO), 1715 cm"^ (COOH), NMR(CCl4): 
S 12.0 br,s (1H,-C00H, D2O exchangeable), 3,6 s (3H,-C00CH3), 
2.3 m (4H,-CH2-C-C00H,-CH2-C-C00CH3), 1.3 br,s (chain-CH^-), 
0 0 
: 122 : 
Subsequent elution with pet. ether-ether (80:20, v/v) 
gave methyl 9,12-diketo-10(ll)-nitro-ll(l0)--hydroxyoctadecanoate 
(XLVII). Yield Analysis-Calcd. for C, 58.91; H, 
8.52; M, 3,61'/.. Found: C, 58.95; H, 8.49; M, 3.60;^ . IRCCCI^): 
3440 (OH), 1740 (COOCH3), 1710 (CO), 1560, 1340 cm"^ (NO2). NMR 
(CCI4): S 4.7 m (1H,-CH-0H, D^O exchangeable), 4.2 m (1H,-CH-N02), 
3.6 s (3H,^C00CH3), 3.2 m (1H,-CH-0H), 2.3 m (6H, 2XCH2-C, 
CH2-COOCH3), 1.3 br,s (chain-CH^-)» 0.9 t (3H, CH3-C). ° 
Preparation of Nitrosyl Chloride Gas 
NaNO^ + 2HC1 > NOCl + NaCl + H2O 
Nitrosyl chloride gas was prepared by the action of 
49 
sodium nitrite and HCl as described by Morton and Wilcox . This 
process is advantageous in that there are no intermediates to 
purify and the crude nitrosyl chloride contain only oxides of 
nitrogen. A gas drying tower, which had a capacity of 900 ml, 
was plugged at the bottom with a paraffinned rubber stopper and 
was fitted at the top with a two hole rubber stopper. A dropping 
funnel and a short L-tube were inserted in the stopper of the top 
of the drying tower. The stem of the dropping funnel should 
extend nearly to the bottom of the drying tower. The three drying 
tubes contained respectively, sodium nitrite (to absorb hydrogen 
chloride), potassium chloride which was moistened with an amount 
of water equivalent to 2-4^ of its dry weight (to absorb nitrogen 
dioxide) and anhydrous calcium chloride. 
: 123 : 
Concentrated hydrochloric acid 500 ml was placed in 
drying tower. A conc. solution of 103.50 g of sodium nitrite in 
approximately 150 ml of water was placed in the dropping funnel. 
The solution of sodium nitrite was kept under a pressure of 100 nm 
to ensure its flow into the hydrochloric acid and to prevent 
bubbles of nitrosyl chloride from backing up into the dropping 
funnel. The gas was purified by passing through the above 
mentioned drying tubes. The NOCl gas thus purified, was directly 
used for the reaction, 
Nitrosochlorination of 12-Acetoxy-£is-9-octadecenoic Acid (XVI) 
12-Acetoxy-cis-9-octadecenoic acid (2.5 g, 0.007 mole) 
in carbon tetrachloride (60 ml) was taken in a round bottom flask 
and cooled to about OC in an ice bath. The NOCl gas prepared by 
the method of Morton £t was passed slowly into the reaction 
mixture with constant stirring for about six hours. Excess of 
CCl^ was removed under vacuo, the cooled reaction mixture was 
extracted with ether,the etheroal extract washed with water and 
dried over sodium sulphate. Reaction mixture, a viscous brown 
oil, showed two distinct spots on TLC plates and was chromato-
graphed over a column of silica gel. Elution with pet. ether-
ether (95:5, v/v) afforded 12-acetoxy-9(l0)-chloro-10(9)-nitroso-
octadecanoic acid (XLVIII). Yield Analysis-Calcd. for 
G2qH3^0^NC1: C, 59.25j H, 8.88; N, 3.45/.. Found: G, 59.30; H, 8.91; 
N, 3,61'/., iR(neat): 3400 (COOH) , 1740 (OCOCH3), 1715 (COOH) , 1570 
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(NO), 1240 (acetate), 1110 (C-N), 1060, 1000 (C-O), 720 
(C-Cl). NMRCuCI^): S 12.0 br,s (1H,-C00H, D^O exchangeable), 
4.8 m (1H,-CH-0C0CH3) , 4.2 m (IH, CH-Cl), 3.5 m (IH,-CJf-NO), 2.1-
2.3 m (6H,-CH2-CH-^H-C^,-CI^-C00H) , 2.0 s (3H,-0C0CH2), 1.3 br,s 
NO CI 
(chain-CHg-)» 0.9 t (3H, CH^-C). 
Subsequent elution with pet. ether-ether (80:20, v/v) 
gave 12-acetoxy-9(l0)-chloro-10(9)-oximinooctadecanoic acid (XLIX). 
Yield 40^. Y\nalysis-Calcd. for C^qH^^O^NCI: C, 59.25; H, 8.88; 
N, 3.45^ <. Found: C, 59.30; H, 8.89; N, 3.55^ i. IR(neat): 3450 
(=N-OH, COOH), 1740 (OCOCH3) , 1720 (COOH) , 1640 (C=N), 1235 
(acetate), 1070 and 1010 (C-O), 715 cm~^ (C-Cl). NMR(CCl4): 
S 11.3 br,s (1H,-C00H, D^O exchangeable), 7.2 br,s (IH, C=NOH, D^O 
exchangeable), 4.7 m (1H,-CI;^0C0CH3) , 4.4 m C1H,-CH-C1), 2.1-2.3 m 
(6H,-CH^-C CH-CH^,-CH_-C00H) , 2.0 s (3H,-0C0CH„) , 1.3 br,s 
Z \\ I Z Z "~"o 
NOH CI 
(chain-CHg), 0.9 t (3H, CH^-C). 
Nitrosochlorinatlon of 9-Acetoxy-cis-12-octadecenoic Acid (XVII) 
Nitrosochlorination of 9-acetoxv-cis-12-octadecenoic 
acid ( 2 . 5 g, 0.007 mole) vjas carried out with NOCl at OC. The 
reaction product was chromatographed over a column of silica gel. 
Elution v;ith pet. ether-ether (95:5, v/v) gave 9-acetoxy-12(13)-
chloro-13(l2)-nitrosooctadecanoic acid (L). Yield 60/.. Analysis-
Calcd. for C2qH3^0^NC1: C, 59.25; H, 8.88; N, 3.45>i. Found: 
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C, 59.32; H, 8.94; N, 3.50^ <. IR(neat): 3400 (COOH), 1735 (OCOCH^) , 
1715 (COOH), 1560 (NO), 1225 (acetate), 1080 (C-N), 1060 and 1010 
(C-0), 720 cm"^ (C-Cl). NMR(CCl4): S 12.0 br,s (IH, -COOH, D^O 
exchangeable), 4.8 m (IHj-CH-OCOCH^), 4.2 m (1H,-CH-C1), 3.5 m 
(1H,-CH-N0), 2.1-2.3 m (6H,-CH2-CH-CH-CHp_,-C^-C00H), 2.0 s (3H, 
NO CI 
-OCOCH3), 1.3 br,s (chain-CHg-), 0.9 t (3H, CH3-C). 
Final elution with pet. ether-ether (80:20, v/v) gave 
9-acetoxy-12(13)-chloro-13(12)-oximinooctaciecanoic acid (LI). 
Yield 32;^ . Analysis-Calcd. for C2QH3^0gNCl: C, 59.25; H, 8.88; 
N, 3.45>^ . Found: C, 59.31; H, 8.90; N, 3.55;^ . IR(neat): 3425 br 
(COOH,=N-0H), 1740 (OCOCH3), 1720 (COOH), 1650 (C=N), 1220 
(acetate), 1070, 1010 (C-0), 715 cm"^ (C-Cl). NMR(CCl4): S 11.1 
br,s (IH, -COOH, D2O exchangeable), 7.0 br,s (1H,-C=N0H, D^O 
exchangeable), 4.8 m (1H,-CP^0C0CH3), 4.3 m (1H,~CH-C1), 2.1-
2.3 m (6H,-C^-CH-C—CH2,-CH2-C00H) , 2.0 s (3H,-0C0CH3), 1.3 br,s 
CI NOH 
(chain-CH^-), 0.9 t (3H, CH3-C). 
Nitrosochlorination of 9,12-diketo-trans-lO-octadecenoic Acid 
(XVIII) 
9,12-Uiketo-trans-lO-octadecenoic acid(2 g, 0.006 mole) 
in carbon tetrachloride (50 ml) was nitrosochlorinated by NOCl at 
OC as described earlier, gave a yellow viscous oily.mass. The 
fractionation by silica gel column chromatography revealed two 
: 126 : 
products LII and LIII. Elution with a mixture of pet. ether-ether 
(95:5, v/v), yielded 9,12-diketo-10(ll)-chloro-ll(l0)-nitrosoocta-
decanoic acid (LII). Yield bO'A, Analysis-Calcd. for Cj^gH^QO^NCl: 
C, 57,58; H, 8.10; N, 2,12,'/., Found: C, 57.'53; H, 8.06; N, 3.70^ <. 
IR(neat): 3400 (COOH), 1720 (CO), 1710 (COOH), 1550 (NO), 1110 
(C~N), 710 (C-Cl). NMR(CCl4): % 12.0 m (1H,-C00H, D^O 
exchangeable), 4.2 d (1H,-CH-C1; J=6 Hz), 3.6 d (1H,-CH-N0;J=7 Hz), 
2.2-2.3 m (6H, 2xt;H2-C0,-CH2-C00H), 1.3 br,s (chain-CH^-), 0.9 t 
(3H, CH^-U). 
Further elution with pet. ether-ether (80:20, v/v) gave 
9,12-diketo-10(ll)-chloro-ll(10)-oximinooctadecanoic acid (LIIl). 
rn.p.54C. Yield 35><. Analysis-Calcd. for 57.58; 
H, 8.10; N, 3.73^ Found: G, 57.60; H, 8.09; N, 2,1\'A, IR(KBr) : 
3450 (COOH,=N-OH), 1725 (CO), 1705 (COOH), 1640 (C=N), 720 cm~^ 
(C-Cl). NMR(CDCl3): % 11.0 m (1H,-C00H, D^O exchangeable), 7.1 
br,s (1H,-C=N0H, D^O exchangeable), 4.7 s (1H,-CH-Cl), 2.2-2.3 m 
(6H, 2xCH2-C0,-CH2-C00H) , 1.3 br,s (chain-CH^-) » 0.9 t (3H, CH3-C). 
: 127 : 
REFERENCES 
1. Harwod, H.J., Chem. Rev. 62:142 (1962). 
2. Shin, Chung-gi, M. Masaki and M. Ohta, Bull. Chem. Soc. 
(Japan) 43:3219 (1970). 
3. Windaus, A., Chem. Ber. 53:488 (1920). 
4. Arppe, A.E., Ann. 95:242 (1855); 120:288 (1861); 124:86 
(1862). 
5. Euler, H.V., H. Hasselquist and U. Loov, Arkiv Kemi. 1:307 
(1949); Chem, Abst. 44:6818 U950). 
6. Perron, R. , Rev. Franc. Corps. Gras. 5,371,436 (1958). 
7. Perron, R. and J. Petit, J. Recherches Centre Natl. Research 
Sci., Labs. Bellevue (Paris) 24:122 (1953). 
8. Markley, K.S., Fatty acids, ed. K.S. Markley, Interscience 
Publishers, Inc., New York, 2nd edn., Part 2, p.1309 (1961). 
9. Noerdlinger, H., Ber. 19:1893 (1886). 
10. Raecke, B. and P. Busse, German Pet. 728,507 (1942). 
11. Ashara, T. and M. Tanita, Chem. Abst. 48:11341 (1954). 
12. Kirjakka, P. and M. Nieminen, Suomen Kemistilehzi. 28B:9 
(1955). 
13. Logan, R.L., U.S. Pat. 2,662,908 (1953). 
14. Gut, G. and A. Guyer, Helv. Chim. Acta 47:1673 (1964). 
15. Malins, D.C. and C.R. Houle, J. Am. Oil Chemists' Society 
40:43 (1963). 
16. Malins, D.C., J.C. Wekell and C.R. Houle, Ibid. 41:44 (1964). 
17. Kao, K.C. and K.Y. Cha, Bull. Chungking Inst. Ind. Research 
24:8 (1949). 
18. Steadman, T.R. and J.O.H. Peterson, Ind. Eng. Chem. 50:59 
(1958). 
: 128 : 
19. Advani. V.ViJ. , B.Y. Rao and C.V.N. Rao, J. Oil Tech. Assn. 
(India) 7:27 (1976). 
20. Arnaud, A., Compt. Rand. 122:1000 (1896). 
21. Limpach, L., Ann. 190:294 (1878). 
22. Kannan, R., M.W. Roomi, M.R. Subbaram and K.T. Achaya, 
Fette, Seifen, Anstrichm . 69:645 (1967). 
23. Ames, D.E. and R.E. Bovman, J. Chem. Soc. 677 (1952). 
24. Abbot, G.G., F.D. Gunstone and S.D, Hoyes, Chem, Phys. 
Lipids 4:351 (1970) and reference therein. 
25. Ansari, F.H. , G.A. Qazi, S.M. Osman and M.R. Subbaram, 
Ind. J. Appl. Chem. 34:157 (1971). 
26. Gunstone, F.D., J. Chem. Soc. 1611 (1954). 
27. Markley, K.S., 'Fatty Acids', ed. K.S. Markley, Inter-
science Publishers, Inc., New York, 2nd edn., Part 2, 
p. 811 (1961). 
28. Nichols, J. and E. Schipper, J. Am. Chem. Soc. 80:5705 
(1958). 
29. Blau, N.F. and C.G. Stuckwisch, J. Org. Chem. 27:370 
(1962). 
30. Colthup, N.B., L.H. Daly and S.E. Wiberley, 'Introduction 
to Infrared and Raman Spectroscopy', Academic Press, Inc., 
New York, 2nd edn., p. 330 (1975). 
31. Swern, D. , Anals. Acad. Sci. (New York) 163:601 (1969). 
32. Lynn, E.V. and F.A. Lee, J. Am. Pharm. Assoc. 16:309(1927). 
33. Tilden, W.A. and M.O. Froster, J. Chem. Soc. 324 (1894). 
34. Miller, W.R. , E.H. Pryde, J.C. Cowan and H.M. Teeter, J. 
Am. Oil Chemists' Society 42:713 (1965). 
35. Beckham, L.J., W.A. Fessler and M.A. Kise, Chem. Rev. 
48:319 (1951). 
36. Kadzyauskas, P.P. and N.S. Zefirov, Russ. Chem. Rev. 37:543 
(1951). 
: 129 : 
37. Shiue, C.Y,, K.P. Park and L.B. Clappe, J. Org. Chem. 35: 
2063 (1970). 
38. Freeman, J.P., J. Org. Chem. 26:4190 (1961); 27:1309 (1962) 
39. Idem, Chem. Ind.(London) 1624 (1960). 
40. Bosewell, G.A. Jr., J. Org. Chem. 33:3699 (1968). 
41. Shin, Chung-gi, Y. Yonezawa, H. Narukawa, K. Nanio and J. 
Yoshimura, Bull. Chem. Soc.(Japan) 45:3595 (1972 
42. Haire, M.J. and G.A. Bosewell, Jr., J. Org. Chem. 42:4251 
(1977). 
43. Kaplan, L. , H. Kwart and P. Von, R. Schleyer, J. Am. Chem. 
Soc. 82:2341 (1960). 
44. Maerker,G. , 'Topics in Lipid Chemistry', ed. by F.D. 
Gunstone, Logos Press Limited Vol.2, p.172 (1970). 
45. Hasan, S.Q., I. Ahmad, F. Ahmad and S.M. Osman, J. Am. Oil 
Chemists' Society, 60:1534 (1983). 
46. Siddiqui, M.M., F. Ahmad and S.M. Osman, J. Chem. Res. 
In press (1984). 
47. Gupta, R. , M.S. Ahmad, Jr., F. Ahmad and S.M. Osman, Indian 
J. Chem. 22B:577 (1983). 
48. Gupta. R., Ph.D. Thesis, Aligarh Muslim University, Aligarh 
(1983). 
49. Morton, J.R. and H.W. Wilcox, Inorg. Synthesis 4:48 (1953). 
: 130 : 
Publications and Presentation 
1. Studies on Minor Seed Oils-XV. 
Fette, Seifen, Anstrichm. (In press), 
2. Nitration of and y-Hydroxy Olefinic Esters. 
Ibid. (In press). 
3. IMitration of Olefinic and Acetylenic Fatty Acid Esters. 
Indian J. Chem. (Communicated). 
4. Nitration of Long Chain Acetylenic Fatty Acids. 
In 2nd Annual Conference of Indian Council of 
Chemists', held on Nov.6-7, 1982 at Srinagar, 
India. 
